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PREFACE. 

Ti,ik present volume has grown out of an intention 
I formed about a year ago, to publish the Papers I 
had communicated to the Royal Society, dealing with 
the new facts which a new method of inquiry had 
revealed to us. I formed this resolution because, 
doubtless owing to their being scattered among the 
publications not easily procurable of a learned body, 
these Papers were evidently unread by some who were 
actually engaged, as well as by many who were 
merely interested, in the inquiry. 

if. 

It next struck me that it would be -wise to re- 
lieve the great — I fear too-great — terseness of these 
Papers by introducing into the same volume three 
Lectures I had also published in the Proceedings of the 
Royal Institution, giying an account of the first out- 
come of my inquiries, and of the results of the two 
Eclipse Expeditions which I had accompanied to the 
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Mediterranean and India, After *'& ha^i d^rmined 
to appeal by the publication^ tfce^lp a yvidefir public, 
I chanced to fall upon f th© nbtek bf^a course of four 
other Lectures on the SuA^hich lhad also given 

' V %'-**?* A- i ■ 0 

in the Royal Institution, but which remained unpub- 
lished, and were almost forgottenu f;7'^ s decided me 

’ V s*' . 

♦ * x • . 

to attempt to make the story of the work more com- 
plete, and to add to it the information necessary for 
the general read<^ bpjth as to the telescopic and spec- 
troscopic sides of the inquiry, by means of these notes 
and some of theCEssays which I had published at 
different times during* the last ten years in The Reader, 
Macmillan s Magazine (these were written in conjunc- 
tion with my friend Dr. Balfour Stewart), Nature , the 
Times, Daily Nczvs, and other periodicals. 

This, then, is the origin of the work in its present 
shape. 

In the First Part I have attempted to give a 
sketch of the various inquiries into the Physical 
Constitution of the Sun, and 1 have not hesitated 
to alter the arrangement of the four Lectures, and, 
in some cases, the Essays to which I have re- 
ferred, so as to make the story a continuous one. 
I have not only largely added to the parts dealing 
with Spectrum Analysis, but I have given a body of 
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informagjjoti on this/ new science in its special fetation 
to its solar applipi^tton^ jghich I hope may be found 
of value. 

The Second Part, which consists of my Papers 
communicated to the Royal Society and to the F rench 
Academy of Sciences, of course is given verbatim , 
with the exception of the references to the illustrations, 
many of which have been transferred to the First Part 
of the book. To these Papers I have added Notes, 
on some of the more fundamental outcomes of the 
research, in which I have attempted to show the 
relations of my observations to those made by others ; 
on the objections urged against some of the conclu- 
sions to which I had been led ; and on the new facts 
acquired to Science by the labours of my fellow- 
workers. On this latter point, however, I have been 
compelled not only to give slight references where I 
could have wished to have given full details, but to 
cancel much matter actually written in order to keep 
the volume within convenient limits. 

. I must, however, thank Professors Young and 
Respighi for permitting me to largely increase the 
value of my book by referring at the length I have 
done to their observations. The faithful translation 
of the. memoirs of the illustrious Italian observer here 
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titeen obligingly placed at my disposal by 
M is^'-lS4rfif^''Pab*tbre. 

Whils&li&I^EC^ portions oftfiis work have been 
passing thoo|iMi^^s«, a yeif ’important discussion 
has been in the French Academy of 

Sciences, ih'£wh^h'';^wiarry. every question raised by 
the new method research in solar physics has been 
debated. I much regret ,tl}at it has been impossible 

4 

to include a notice of ft in the present volume. It 
may, however, be remarked as satisfactory to English 
Science, that M. Faye, abandoning the theory of spots 
of which an account will be found in Chapter IV., 
has virtually adopted, in the essential point, that pro- 
posed by the English Observers. 

My best thanks are due to the Proprietors of the 
Journals I have named for the readiness with which 
permission has been granted me to reprint; while in 
the matter of illustrations 1 have to express my 
obligations to the Council of the Royal Society ; to 
Dr. Schellen, of Cologne, for the use of several wood- 
cuts illustrating my own observations, the original 
drawings of which I sent over to him in 1869; to Mr. 
Westermann, of Leipsig, who added others to them ; 
and to Professor Roscoe, who has allowed me the 
use of several which appear in his “ Spectrum Analysis.” 
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I am much indebted to Mr. Cpdger j|ar f ' 

has taken in|he fpt&paration of ' 
woodcuts. 


In the compiiatiipl" of jthe iff revision 

of proof-sheets, my assistant- Friswell -has 

given, me most viable aid. 

Up to the present tiiod fhe spectroscopic exami>. 
nation of the sun has been regarded as the work 
of the astronomer and physicist, rather than of the 
chemist; and in England, though happily not abroad, 
many professional astronomers and physicists regard 
it, as a rule, as a matter of tenth-rate importance. I 
am sanguine enough to hope that, as time goes on, 
breadth of mind will take the place of the present 
more than apathy, and that chemists also will more 
generally interest themselves in, and aid, an inquiry 
from which, if I am not mistaken, they will learn much. 

I cannot conclude this Preface without stating that 
had it not been for the aid afforded me by that admir- 
able, but too little known, institution, the Government 
Grant Fund, and by my friend Dr. Frankland, who 
joined me in a branch of the research and generously 
placed his laboratory at my disposal, my observations 
would probably never haye been made. Further, I 
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admit and lament the incompleteness of them and of 
the bookftQ ^hichil have now consigned them. I Jtnow 
that the work I hlfe attempted tp i^nVard requires 
a man who can give' himself entirely up to it, while, 
less fortunate than many lovers of Science, the only 
time 1 hav&i00d to devote . to these inqyirigs has 
consisted of ‘snatd|ed from, the leisure * left 

me by my official dWifes. 1 have, hoipfiyer, the satis- 
faction of knowing that the methb^ql observation 
which I have had a share in originating is rapidly 
taking root in other lands, and that it is being recog- 
nized as national work which the Janssens, Youngs, 
Respighis, Zdllners and Secchis of the future will carry 
on without break, for the instruction and benefit of 
mankind. 

J. N OK MAN L.OCKYER. 


Sept. 6 th, 1 873. 



C O N T E N T S, 


pIrt i. 

'¥ '■ 

A POPUtm-^iQaUNT OF ANCIEN T Jjifft. MO) > 1 - RN* sl’.V-WOKK. 

Jh'" .. '• * A. • -• • , >•' • V ' •/ 

fell a r. ."<&<: -iV . •V',. 

l.-fW<TAT^'af Sihf ? i 

Lecture deliveredrat the Royal Institution in March 1870. 

M.— On the Telescopic Appearance ok the Si n .... 13 

In part reprinted with , a’ier.i li'.iiv! fiom the AVa.tW*. vol. hi. p. 7). 

1864. The remainder consist* of a paper communicated to the Royal 
Astronomical Society in t86 5, and printed in Monthly vol. 

xxv. p. 

III.-— Mr. Carrington's Resea runes on Solar Spots ... 52 

Reprinted (with additions) from the AY.t.tVr, \oh iii p. 58, 1864. 


I\\- M. Kaye’s First Theory of the Physical Constitution 

OF THE SUN 44 

Reprinted from the Reader, vol. v. p. 107, 1805 


Y\-~ M. Faye's First Theory of the Physical Constitution 

OF THE Sun (continued) 5 l 

Reprinted from the ftnu/rr, vol. v p. U". *&*.?• 


VI.— the Sun as a Type of the Material Universe . . . 63 

A11 article writtcu in conjunction with Dr. Balfour Stewart. F.R.S. 

Reprinted from AfatrmiMa*'* Magnsinr, vol. xx iii. p 3 9. 1868. 


Vil,__ T he Place of Like in a Universe of Energy .... 85 

An article written in conjunction with Ur. Balfour Stewart, F.R.S. 

Reprinted from Macmillan's M«gx\zmt\ vol. xvui. p. 319, 1868. 



XIV 


CONTENTS. 


CHAV. 

VIII.—' The Place in Science of the New Method . . . . 104 

From the Times * Jan. 9th, t &(*), with additions from an Article in 
HZitctn titan's voL xtx. p 230, Jan. 1869* 

IX- — The Birth of Spectrum Analysis > . . . . . . 132 

lecture delivered at the Royal Institution in April 1870, revuftd in the 
light of recent work. 

X. — The Modern Spectroscope . \ ... 154 

XL— Radiation and Absorption 169 

„ . ... 

XII.— History of the Application of the Principles o# 

Spectrum Analysis to the Solar Spectrum ... 185 

XIII.— Results obtained by the Old Method. 196 

XIV’.— The First Results of the New Method 209 

A Lecture delivered at the Koy*l Institution of Great Britain, Friday 
evening, May 28th, t8fW>. 

XV.— The American Eclipse, 1869 240 

From Mature, vol. i p. 14. and />w. A*. S. t vol. xviii. p. 179. 

XVI.— ‘ The Mediterranean Fci.ipsf., 1870. A Letter from 

Venice 258 

Fr«»rr» \*atu iv, v,il itt. p, 221, 187*. 

XVII.— The. Mediterranean Eclipse, 1870 contiuiud ^. More 

Light ... 270 

From X>ifnr.\ vo|. iti. p. yj 1, 1S7*. ^ 

XVIII.— The Story of the Corona in connection with the 

Mediterranean Eclipse 278 

A Lecture delivered at the Royal Institution of Great Britain, Friday 
evening, March 17, 1871. 

XIX. The Atmosphere of the Sun . 31 1 

The Rede Lecture, 1X71. delivered in the Senate House. Cambridge, 
on May 24, 1871. 

XX.— The English Eclipse Expedition, 1871— 

1 . Preliminary 332 

From Nature % vol. iv. p, *97, 



CONTENTS. 


xv 


(HAP. PACE 

XXI, — The English Eclipse Expedition, 1871 (continued)-- 

II. The Bekul Party 339 

Extracted from a letter in the Daily Nnvs. January tyth, 187a. 

XXII. — The English Eclifse Expedition, 1871 < continued )— 

.m III. A Letts* Prom Ootacamund 347 

Frt>m Nature* vol v. p. 217, 1872. 

XXII I.—Thf. English Eclipse Expedition, 1871 (continued)— 

IV. Intelligence from the Other Parties .... 356 

From Nature; yo\. v. p. 259. 

XXIV. — The English Eclipse Expedition, 1871 (continued)— 

V. General Statement of the Methods used, and 

Results obtained, By the Expedition .... 362 

A Lecture delivered at the Royal Institution of Great Britain, on 
Monday, March 22, 1872. The chief results obtained by the Expedi- 
tion have been taken from the ad interim Report presented to the' 

British Association Meeting in Brighton. 

XXV. — Three Years’ Work with the New Method ... 381 

Revised from the short-hand notes of two Lectures delivered before the 
Literary and Philosophical Society of Newcastle-upon-Tyne, in 
October 1872. 

XXVI. -— The Meteorology of the Future 424 

From Nature* vol vit. p. 98. 


PART II. 

COMMUNICATIONS TO THE ROYAL SOCIETY OF LONDON AND 
TO THE FRENCH ACADEMY OF SCIENCES. 

V \«;k 

I.— Observatory Work 

Spectroscopic Observations of thf. Sun. No. I. . . 435 

. Spectroscopic Observations of the Sun. No. II. • 

Brief Announcement of the Success of the New Method. . 439 

Complete Account . 445 

' Spectroscopic Observations of the Sun. No. lip . . 477 

Spectroscopic Observations of the Sun. No. IV. . . 488 



XVI 


cthvr/wrs. 


Spectroscopic Observations op the Sum. No. V. . . 493 

Discussion with Father Seech i in the “ Co nipt cs Rencius ” of 

the French Academy of Sciences 5 00 

Spectroscopic Observations of the Sun. No. VI. . . 516 


If. — L aboratory Work. 

Preliminary Note of Researches on Gaseous Spectra 
in Relation to the Physical Constitution of the 
Sun. (In conjunction with Dr. Frankland) . . , 

Researches on Gaseous Spectra in Relation to the 
Physical Constitution op* the Sun, Stars, and 


Nebula. No. II. (I.v conjunction with Dr. Frank- 
land) 530 

Researches on* Gaseous Spectra in Relation to the 
Physical Constitution ok the Sun, Stars, and 
Nebula:. No. III. (Is conjunction with Dr. Frank- 
land) 532 

Researches in Spectrum Analysis in connection with 
the Spectrum of the Sun. No. 1 534 


Researchf-s in Spectrum Analysis in connection* with 


the Spectrum of the Sun. No. II. . . * 553 

III. — Notes. 

A. — Spot Phenomena and Theories 561 

H. — Mr. Huggins and the New Method 570 

C-~ Absorption at the Limb 574 

D. — Methods of Viewing the Forms of the Promi- 
nences ’578 

*■ 


**-•— Structure, Height, and Composition of the 

Chromosphere 585 

»-• - • 

F. — Prominences on tiie Sun* t >. . V 587 

G. — Changes of Wave-length . * . 589 



CONTENTS. 


XVII 


PAGE 

H.— List of Chromospheric Lines 602 

I.— The Line 1474 (Kirchhoff) . . . . 62f 

> K.— The Continuous Spectrum at the Base of the 

Chromosphere 622 

• ' * " -m • ' 

* I..— Th e„Classi fication of Prominences 624 

M . — Connection between Prominences, Spots, and 

Facul/e . 628 

N. — The Expansion of Lines at the Base of the 

Chromosphere 635 

d .— Welling up of Magnesium and Iron 637 

/ & - 

P. — Solar Outbursts and Magnetic Storms .... 638 

Q. — Simplification of Spectra by Reduction of 

Pressure 640 


APPENDICES . 1 

I.— Instructions to Observers (Eclipse of 1871) . . . 4 . . 649 

II— Professor Respighi’s Memoir on the frequency and 
distribution of the Prominences and their Periodical 
Variations 654 

1 The Appendices referred to on pages 142, 252, and 262 have been omitted for 
want of space. „ 



LIST OF ILLUSTRATIONS. 

COLOURED AND LITHOGRAPHIC TLATE 5 . 


IndfimSFIECE THE SPECTROSCOPIC CORONA, 187?. 

rAr.n 

Plate I. — The various kinds of Prismatic Spectra . to fine 172 

Plate II. — Solar Prominences . ,, 209 

Plate III. — The Photographic Corona, 1869 .... „ 240 

Plate IV.— The Observatory at Bekl-l ...... „ 343 

Plate V. — The Photographic Corona, 1S71 .... „ 375 

Plate VI.— Map of the Long and Short Lines of some 

Metallic Elements to face 532 


WOODCUTS. 


r ui. pa<;k MG. r agp 

1. Portray of Galileo 7 i 13. Sunspot. (Secchi.) .... 29 

2. Explanation of sun-spots on J 14. Sun spot. (Secchi.) .... 30 

Wilson's hypothesis .... 9 ; 15. The earth, seen from the sun 

3. Herschel’s thepry oPSun-spois . *11 j (Venial equinox) . * . . 35 

4. Herschel's theory of snn-Sjpbts . 12 < f6. The earth, seen from the sun 

3. Early sun -work. Schemer’s (Summer solstice) , . . 35 

Heliotropium Telegscopicum . 13 1 7. The , earth, seen from the sun 

6. Cvclonic sun-spot r (Secchi.) 16 j (Autumnal equinox) . . . 36 

7. Changes in sun-spots. The great j 18. The earth, seen from the sup 

sun-spot of 1865. (Hewlett.) 17 l (Winter solstice) . . . ' . 36 

8. Facutae surrounding a spot, as j 19. The sun, seen from the earth. .. 37 

seen near the sun's edge. '*> 20. Explanation of sun-spots on 

(Noble.) ....... 18 KirchhofFs hypothesis . . . 48 

9. Sketch of sun-spot, completed 21 , The eclipsed sun 75 

40m. A. M.j April 22. Path of moon’s shadow during 

* . 25 Eclipse of i860 . ; . . .110 

10. Thelame at t2h. 30m. . . . 27 23. Total Eclipse, Aug. 18, 1868. 

,l * The same at 12I1. 55m. i . . 27 ^Observations at Aden. ) Com- 

12. The same at 12k 3,0m. . , . 28 ! mencement of totality . , . 112 



iJ&ePJlL US TRA Tioys. 


XIX 


FIG. 

54* 


"55- 

56. 

57. 

58. 

59. 

60. 


24. Total Eclipse (Indian), Aug. 18, 

1868, near end of totality . . 113 

25. Total Eclipse (Indian), Aug. 18, 

1868 : end of totality * . .114 

26. Eclipse of 18684 (Corona) . .120 

27%- Copy of Tennant’s photograph : 

beginning of totality . . . 121 

28. Copy of Tennant's photograph : 

*end of totality ♦ . . . . 122 

29. Synoptic view of Tennant’s photo- 

graphs . . . . . . . 123 j 61. 

30. Tennant’s reflejj|dr used for ; 

photography. . «, . . . 124. [62. 

31. Geometrical form of the prism . 132 j 

32. Prism mounted on a stand . .133 

33. Light passing, through a plate of j 63. 

glass . . . . , ■ . . . 134 j 64. 

34,. images of objects seen through j 

prisms . . *35 j 6 5* 

35. Copy of Kepler’s diagram . . 137 j 

36. Path of the refracted ray . . .138 66. 

37. Refraction of light. Apparen t ele- 

vation of the bottoms of vessels 138 

38. Decomposition of light by the 67. 

prism 140 

39. Unequal refrangibility of two 68. 

differently coloured lights , . 141 69. 

40. Recomposition of white light by 

means of a second prism . .142 70. 

41. Recomposition of white light by 71. 

means of a lens 143 

42. Recomposition of white light by 72. 

means of a rapidly revolving 
disc, coloured in sectors . .144 

43. The first observation of Fraun- 73. 

hofer’s lines 147 

44. Reduced copy of Fraunhofer’s 74. 

map of the lines in the solar ^ 
spectrum 150 

45. Chemical or student’s spectro- 75. 

scope . . ...... 157 ; 

46. Spectroscope with two prisms • *57 j 76. 

47- Steinheil’s form of four prism j 

spectroscope . . . * . > . 158 ! 77. 

48. Bunsen’s first form of spectro- 
scope . . . . .... 158 78. 

49- Spectroscope with reflected scale* 159 

50. .Steinheil’s slit, showing reflect-' 79. 

ing prism 161 ; * 

51. Path of light through reflecting j 

prism and into the slit . . . 161 j So. 

52. Spectroscope showing the use of ; 

. comparison spectra and a re- 
flected scat e ... . . . 161 81. 

53* Direct- vision prism with Three 

prisms ..... , . . 162 


Direct -vision prism with five 

prisms 162,, 

Telespectroscope of small dis- y 
persion. ( II u§gi ns. ) . . . 163 

Side view . 164 

Plan 164 

Direct vision star spectroscope 

(Secchi. ) 165 

Sun spectroscope (Lockyer) . .166 

Sun spectroscope (Young) . . 166 

Young’s sun spectroscope, ar- 
ranged for photography . .167 

Automatic arrangement for secur- 
ing the minimum deviation of 

the observed ray 168 

Electric lamp . . . . , . .170 

Electric lamp arranged for throw- 
ing a spectrum on a screen * ... 
Coloured flame of salts in thl$ 
flame of a Bunsen’s burner . 173 
Base of ordinary form of Bunsen’s 
burner, showing holes to admit 

air . . . ‘ 173 

Mitscherlich’s arrangement for 
flame spectra . y . . . .174 

Enlarged view of wick . .174 

Herapath’s blow-pipe. View and 
section . . . , . . . .175 

Induced current spark . . . .175 

Figure showing how the jar is 
connected with the spark stand. 1 76 
Becquerel’s arrangement for study- 
ing the spark spectra of va- 
pours . . . . . y . . 177 

Geissler’s tube, showing electric 

discharge .178 

Wheatstone’s map of the spefctra 
of the vapours of some of the 
elements (1S35) . . . . . 179 

Method of observing the absorp- 
tion of a vapour . . . . * 1S0 

Vessel with glass sides for study- 
ing the absorption of liquids . 18 1 
Absorption spectra of iodine and 

nitrous fumes 182 

Absorption of magenta and 
blood . ... . .183 

Absorption of various thick- 
nesses of a solution of the salts 
of chromium. (Gladstone. ) . 183 
Absorption of, various thick- 
nesses of a solution of ^gm ^sic 
pennangj|mtc^felad3IKh . 1S3 
Coincidence “between tlie Wight 
lineglvcnout by sodium vapour 
and th< dads line^ produced by 



XX 


JJST OF 



214 

215 

216 

216 

217 
217 


KIG. ? PACK 

the absorpttbn of the light of 
a continuous spectrum by its 
^ passage through sodium vapour 192' 

•$2. Coincidence o florae of the bright 
fines of iron with some of the 
Fraunhofer fines . . . . . 197 
S3. The telluric lines . . . . . 203 

84. The spectroscope attached to the 

telescope for solar work . . 

85. Kn larged view* of spectroscope 

86. Line C (red), with radial slit . 

87. Line I> 3 tyeiiow), with radial 

slit 

88. Line F (blue-green), with radial 

„ slit 

§9.4 ine C, with tangential slit . 

^ 90. Sj>ectrum of chromosphere, show- 
ing the different lengths of the 
lines of hydrogen, sodium, and 
magnesium 221 

91. Contortions of F line in a pro- 

minence. f ^ . . • . . 222 

92. Prominence observed 14th March, 

1869, l ilt v . .... 224 

93. The saPe^rominence, t ih. 15m. 225 

94. Spectrum of a sun-spot, show- 

ing the increased absorption of 
the sodiupl vapour . . . 226 

95. Sun-spot z (Secchi.) A . . ' 0 -styx 

96. Contortioast>f F line oh duftr 233 

97. Contortions of F line on disc. In 

connect icm Vith spots and np- 
rushes of bright hyllroggi, * . 234 

98. Alterations of ftave-let^bvin • 

. . -.,, 2 / 

99. Solar byclone^ .“ . '•* 2; 

soa Non-coincidtei&*of bright and 

dackJF line- A>r ; i . 
iOi^Comparlsou of b and adjacent 


lines 

102. The edipsedsun, Augui 

103. Copy of ^^otopiPi 

American ccfipse of Ai 


104. 


103 


106. 


107. 

108. 


238 

am. 

tm m . 


1869 ... T,*r 4..^ . 

General view If * 
ances, American eclx] 

7,1869. . . 

Gould's drawing of -the cororta, 
near the beginning of totality, ♦ 
at Burlington . , £,. : . . . 248 

Gould's drawing of the corona* 4 
.» the of totality, 

*. . . 249 


* * * - * ^ « *49 .1 
Why the corona was observed I; j 
square . . , « * , m . . 276#! 

Total eclipse, {£**$») . 279* 


iio. 


112. 


!I 3* 


1 14. 


n 


Total eclipse, September 1858. 

(Lias) 

Total eclipse, i860. ( Rays ob- 
^ served by Feitezst&) . . . 2S2 

1 1 rT Rays observe# » the total 

eclipse, 18#* . . . . .^83 

Why the cororlrwas observed 

square 

Eclipseof 1868. The corona as 
observed jit h^antawalek Ke- 
kce .... . . . . 

Gould'sdrawiqg of the corona, 
near the beginnittgof totality, 
at Burlington . . . . . . 

Gould's drawing of the corona, 
near the end of totality, at 
Burlington. . . . . . . 

1 16. Eclipse of 187a Photograph of 

the corona taken at Syracuse . 

117. Explanation of the feeble or 

strong polarization of the 
* corona ...... 

1 18. Copy of Rayet's diagram 

1 19. Copy of Pogson’s diagram 
Track of the moon's shadow, 

eclipse of 1871 

The spectrum of hydrogen as 
■ seen with a straight, a crooked, 
and a ring slit ..... 

1 22. Young’s observation of the rever- 
sal of the sodium lines over c 
spot . . . . . 

123* Spectroscope, with camera at 

tacbed . 

124. Cirrus mass of prominences 
V observed by Young, Sept. 4, 


120. 


121. 


ia<« Small prominence , 

jzm 


280 


285 


289 


290 


291 

292 


294 

299 

3 01 

333 


3^7 


389 

39-* 


127. 


393 

393 

393 


Spall forked prominence 
Cppdus prominences like the 
iiwpouth in the nebula of 

(Young) .... 393 
428. Forms of prominences (Zbllncr) 393 

129. Forms of prominences (Zbllrifer) 394 

130. Forms of prominences (Young) 394 

131. Forms of prominences (Young) 394 

132. Rising of a detached fragment . 397 

133. Filamentous prominence . . .. 397 

134. Streamer prominence .... 398 

Tree-like prominences . . . 399 

The prominence after the ex- 
plosion . . . 309 

Ine <( thunder* head M at 1.40 . . 400 
The “ thunder-head” at j.55 . 406 
Changes in prominences, Oct. 7, 

1869. (Young) . . , . . 401 


a 

‘i 

»39' 




140. Diagram showing hpw the pro- 

minences are daily recorded* 
(Respighi) ♦ . 4 20 

1 4 1. My first prominent* .... 4^1 

142. Secchi’s first Aservation of the 

f chromosphere ♦ * . • . 461 

143. Arrangement for comparison of 

spectra of different parts of the 
sun .. 475 

144. Motion forms 490 

145. Motion forms 491 

146. Uprush of bright hydrogen . . 492 

147. Secclu’s observations of the C 

line 5°3 

148. Secchi’s observations of the C 

line 5°3 

149. ‘ * Motion forms 0 and M Lozenges” 523 

1 50. Arrangement for throwing image 

of light-source on the slit . . 537 

1 5 1 . Long and short lines of zinc and 

cadmium . 540 

152. Long and short lines of lead and 

cadmium . . . . . . . S 4 i 

153. Plan and section of cup used 

with salts 543 

154. Aluminium cup placed in the 

spark stand as in use . . . 544 

155. Secchi’s types of stellar spectra 558 

156. Young’s observation of the spec* 

trum of a solar spot between 
C and D « 564 


riG. « PAG* 

157. Rayet’s, Herschel’s, and Ten- 
nant’s observations .... 573 
I $8. Slit for comparing spectra of 

centre and limb * . . . . 576’ • 

159. Path of ray 576 

160. Mr. Hastings’ arrangement for 

comparison of spectra . *577 
16 x. Secchrs Merz-prism before the 

object-glass in cell .... 582 

162. The cell without the prism . . 582 

163. Diaphragm with annulus used 

by Lockyer and Sea broke . 583 

164. Annulus viewed and brought 

to focus 584 

165. Solar profiles ...... 585 

166. Edge of chromosphere (billowy) 585 

167. Edge of chromosphere (jagged) 386 

168. Young’s observation of a pro- 

minence . . . . - . . . 588 > 

X69. The same 589 

1 70. Ferrari ’s observation of a change 

of wave-length ..... 596 

1 71. Young’s fiist observations of 

alterations of wattf-length . . 598 

172. His subsequent observations . 600 

173. His subsequent observations . 600 

174. Prominence seen by D t D and 

T>& light * . * « « « • • 602 

17S* Diagrams showing ; jp*gnetic 

storms . ♦ \ . \ . . 639 


ERRATA 


PAOft 

137 line 3 from bottom, for incidently, rtad incidentally. 
155 „ 7 „ for i8|a, rtadf&ni 

265 ,, 2 ,, for its, read otifc 

299 ojonit tipper horizontal line from diagram. 

376 Jifefc from bottom,/^ radialpf, rtad of radi^f 

,, fir phenomena, rr*</ phenomenon. 
454 from top, for solar* r*w</pohu\ 



PART I. 


A POPULAR ACCOUNT OF ANCIENT AND MODERN 
INQU^IES INTO WE PHYSICAL CONSTITUTION 
OF THE SUN, WITH SPECIAL REF0t£NCE TO 
RECENT SPECTROSCOPIC RESEARCHES. 
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WHAT IS A SUN' 


Ages ago, when time was younger than it is- now, hnd chap, i. 
human curiosl^ had a whole virgin universe to revel 
in, when the stars were unmapped and space bad been 
pierced by no sounding-line, what wonder that man, all 
ignorant of better things, looked upqn the Sun — and wor- 
shipped it ? 

Although we know better than this npw ; although 
instinct has given place to reason, superstition to science, 
and curiosity to inductive philosophy; the mystery of the 
sun still remains, and we present earth-dwellers wonder 
at its mighty power with even greater reason than the 
men of old. 

For, in fact, modern science, dealing with the whole field 
of the natural, and leaving the xv/rmatural out of the 
question, as science must ever do, has almost justified, so 
to speak, the instinct of those who added adoration to won- 
derment. The power they felt, we have proved, to exist ; 
the world-supporting, life-sustaining influence with which 
they invested the glorious orb of day, we now know 

B 
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■'bel dftg s to it by right; man has measured its distance, 
has Weighed it in the balance, and has glimpsed the forces 
at work on its surface ; and he everywhere finds a stupen- 

R sness which baffles him and far surpasses anything the 
gination of the earl v_ inhabitants of this planet could 
e conceived ; and now that we know so much, rises 
pas of old, towering above the mighty inquiries which have 
"^resulted ip our present knowledge, the all-embracing 
question,^‘What is a Sun ? ” 

Passing 0^#r the era of Sun-worship, which has left 
Its mark in every' land in which early man dwelt, let us 
endeavour to learn something as to the notions concern- 
ing the sun which were rife when the Western civilization 
began ti dawn. We find as answers to the question 
“ What is a Sun ?*’ what we must designate as the wildest 
guesses, although some of them came from some of the 
greatest minds of antiquity. 

Thales, one of the first of the Greek astronomers, whose 
early life was spent in Egypt, where he deeply studied 
the lore of the priests, had ideas concerning the sun 
w'hich, it will be seen, were in the main sound ; and it is 
curious that with such a good beginning subsequent 
philosophers went so far astray. He held that the sun 
and stars were of an earthy or solid substance, and that 
their light was duo to fires fed by aqueous exhalations. 
He also explained correctly both solar and lunar eclipses, 
thereby implying that he thought that the moon shone by 
'reflected light. 

The anecdote of Thales falling into a well,* which is 
related by Plato, with the consequent saying of the Thra- 
cian female slave, that in trying to discover things in 
heaven he overlooked those beneath his feet, is widely* 
known, and proves his popular reputation as an astronomer 
and star-gazer. ' A 

* Hun Plac. Phil. i. 3, as quoted by Sir G. C. Lewis in his admirable 
“ Historical Survey of the Astronomy of the Ancients," d. 8a, to 
w hich I am indebted for much information recorded in this chapUSTi • 
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But when we come lower down the stream of time, to chap. i. 
580 B.C., and seek what was then the prevailing opinion, 
we find Anaximander at the head of a school whigh ex- mandcr, 
plained the various solar phenomena by supposing that 6 di"/$4j 
the sun and stars were bodies at condensed air, containing 
fire which escaped through certain apertures, He further f> ? 
imaged the sun as a wheel, the rays, forming the spokes, 
being emitted from the aforesaid apertures. His jnore de- 
tailed teachings in solar and lunar physics are%»us stated 
by Sir G. C. Lewis he held that the stln was M of ci&ular 
form, with an opaque annular band on its ‘exterior, the 
circumference of which is twenty-eight times that of file 
earth ; that within this annular band is a fiery central 
portion, equal in size to the earth ; that the movement of 
the sun is due to its opaque ring, and that an eclipse of 
the sun takes place when the central aperture is closed. 

His hypothesis regarding the moon was similar : he sup- 
posed the luminous centre to be seen through a tube, like 
the mouth of a bellows; that the eclipses (or phases) are 
caused by the revolutions of the opaque ring. .... 

Hence Anaximander [unlike Thales] held that the moon 
shone by her own light.” 

Anaximander’s notions, it will be seen, are not over- 
burdened with clearness ; and, indeed, about this time we 
get perhaps the greatest number of wild guesses. Zeno- Zenophanes 
phancs of Colophon taught that the, sun was lit and ex- cdop/wn 
tinguished every day, like coals, accounting for eclipses by fourisked 
the latter process ; he told, moreover, of one eclipse which 54 ° B .c. SC ° * 
had lasted a month.® 

The fault, however, found with Anaximander, cannot be 
laid at the door of the next suggestion to be recorded, 
which we owe to Heraclitus of Ephesus. This philosopher Heraclitus. 
made himself noteworthy by the following ingenious ideas. oJ fi^hh(d 
He held that the sun and moon are bowl-shaped heml- about 504 
spherical cavities, with a bright side and a dark one. If B ‘ c ‘ 
the whole of the bright side of tj^is hemispherical vessel 
1 Op. cit. p. 93. p, 98. 

B 2 
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is turned towards us, we see the uneclipsed sun and full 
moon. If the whole of the dark part is turned to us, then 
we s^|he sun eclipsed, and the moon is then new; and 
further showed how, on this simple hypothesis, by 
imagining the bowls to be turned now a little one way 
and now a little the other. It was perfectly easy to account 
for the phases of the moon and the various kinds of eclipses 
of the sun . 1 

The sum according to this philosopher, was a body of 
compressed* lire fed by exhalations ; it was no bigger 
than a man’s foot, and brighter than the tnoon in con- 
sequence of its position in a clearer atmosphere than that 
near the earth. 

We must next refer to Anaxagoras of Clazomena:, who 
was second to none among the Greek philosophers in his 
intense interest in cosmica] speculations. He is stated to 
have said that he was born for the contemplation of the 
sun, the moon, and the heavens ; 2 in fact his ideas on 
physical* subjects were so advanced that he was accused 
of impiety. It is not a little curious that the charge of 
atheism which was preferred against him should not have 
been made before, for surely the charge of substituting 
mechanical force for the direct agency of the Gods would 
have applied equally to Anaximander or Heraclitus of 
Ephesus. And it is also curious that his doctrine that . 
the sun was a mass of ignited stone larger than the Pelo- 
ponnesus, instead of *a God who drove his chariot across 
the sky, was one of the main charges against him. It is 
consoling to think that Pericles saved his life at all events 
by his eloquent defence. 

Next, Anaximenes held that the sun, instead of being 
a globe, was flat like a leaf; "that the stars, being im- 
pelled by the resistance of the condensed air, cause the 
solstitial movements of the sun ; that the nature of the 
moon is igneous, and therefore that she shines with her 
own light ; that the earth is a flat trapezium ; and that on 
1 Op. cit.*p. 96. • 3 Op. cit. p. 103. 
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account of this form it is supported by the air without 
sinking. He applied the same doctrine to explain the 
suspension of the sun and moon in space.” 1 

Empedocles, the contemporary of Herodotus, held that 
there were two suns, one of fire in the lower hemisphere, 
ancf another, the upper one, “reflecting its own light 
from the fiery air upon the earth,” as stated by Sir G. C. 
Lewis. 

It is but fair to remark that all these ideas were held 
to be so wild by some of the best men among the Greeks 
that they rebelled very much against them ; so that we find 
the whole genus of astronomical men soundly castigated 
by Socrates, who thought astronomy was desirable for de- 
termining the day of the month or hour of the night, but 
that to carry it further was waste of valuable time, and 
that “speculators on the universe and on the laws of 
the heavenly bodies were no better than madmen.” 2 

It is not till the time, of Eudoxus of Cnidos, the con- 
temporary of Plato, that, we find any sustained attempt at 
real investigation ; and so impressed was he of the extreme 
importance of the sun to the earth, that he , is recorded by 
Plutarch 8 to have declared thatjtie would willingly suffer 
the fate of Phaethon could he only approach the sun near 
enough to determine its real figure and constitution. 

By the time of Aristotlethe right of free thought in 
cosmical matters had been thoroughly established, and we 
find that philosopher defining astronomy as a science 
founded on observation and calculation, although the idea 
that the sun and stars are living bodies eminently parr 
taking of the divine nature occurs in his writings . 4 

From this time, throughout what we may term the pre- 
telescopic age, it would appear that the question of the 
physical constitution of the sun and stars gradually gave 

* Op. cit. p. 96. ; * Op. cit. p. 1 13 

* Quoted in “Astronomy of 1K& Ancients," p. 148. 

4 Op. cit. p. 1^3. # 1 
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way to those which dealt with the various motions of 
each member of the starry host: 

“Cycle on epicycle, orb on orb,” 

formed the* key-note of a large part of astronomy after 
this time until we come, nearly two thousand years later, 
to Galileo and his contemporaries, when we again find 
ourselves in the midst of a sea of speculation on solar 
matters. # 

Needless to say that th|s was no accidental circum- 
stance. The telescope had Been discovered, and with it at 
the first essay the visible universe had been infinitely 
expanded. The period of the invention of the telescope 
is one of - the most interesting and momentous in the 
scientific history of the world : in it the golden age of 
astronomy may be said to have dawned. 

We find then living on this planet three immortal men. 
First Kepler, who by his theory of elliptic motion at one 
blow swept away the elaborate work of twenty centuries 
on cycles, epicycles, and excentric motions . 1 Secondly, 
Tycho Brahe, whose admirable observations formed the 
groundwork of Kepler’s investigations. Lastly, Galileo, 
who was at home in alt branches of science ; a man of 
tremendous mind ; who independently, and as it were by 
the way, invented the telescope, and who was not only the 
first man who applied it to celestial objects, but perhaps 
the most illustrious man who ever did so. 

We all know his reward. Like Anaxagoras, he offended 
against current dogmas, and in Christendom or Heathen- 
dom the penalty for that always was, nay almost is, the 
lame. 

According to Galileo's own story — and who shall doubt 
it ? — he began the telescope’s work on the sun in the 

1 The words with which he sent his discovery forth are too admi- 
rable not to be quoted in this place : — “ I have finished my book.- 
lt will be read by the present age or a future one-— I care little which. 
It can well wait for a reader, for has not God waited 6,ooo years 
for a contcinplator of His. works 
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month of October 1610, 1 being followed by the Jesuit 
Scheiner in April 161 1 , according to his own statement, 
and by Fabricius in June of. the same year. 

It is pleasant to think that some of the earliest observa- 
tions of the sun were made by a countryman of our own, 
and in the Tower of London. I allude to the eminent 
mathematician Hariot, who observed the spots as early as 
December 161 1 , though not as early as December 1016, as 
was once thought by De Zacl v * 



Fig. i.— G fflteo. 

Needless again to say that the old-world answer to our 
question “ What is a Sun ? ” was at once changed. It was no 
longer imink£u}ate no longer, as in the thought of Aris- 

1 See on the whole question of disputed priority in this matter, 
“ Galilde, sa Vie. ses Decouvertes, et ses Travaux. Par le Dr. Max 
Parchappe. HaShette* 1866. P. 9 2 sc 9* 

2 Grant’s " History of Physical Astronomy, p. 2 1 5. 
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totle, a material image of the spotless purity of the divine 
mind. Galileo discovered spots on the brightly shining 
orb, and the thrill that ran through the world of Schoolmen 
as a result of this announcement may well be imagined ! 

Galifeo's discoveries, thanks to the controversy which 
was raised by the Jesuit Scheiner, who wished to obtain all 
the credit for Galileo’s work, have come down to us in futl 
detail: for to defend himself, Galileo, in a remarkable 
series of letters to Welser, the chief magistrate of Augs- 
burg, gives us the whole KtjStory of his work, which here, 
however, can only be lightly touched upon. 

In his first letter, under date May 4, 1612, he states that 
the spots are real, as bright as the moon, and composed of 
matter not very dense and differently shaded; that they 
are not permanent, but resemble our clouds ; and that it 
is absurd to think they are planets, which was Scheiner’s 
opinion about this time. 

In his second letter, dated August 14 in the same year, 
he refers to their common movements, and to their limita- 
tion |o zones ; states that they lie near the sun, and move 
on it and not above it; and then announces, from obser- 
vations of them made near the sun’s edge, first, that they 
are deep and_ of various depths, and secondly, that their 
blackness diminishes near the edge. 

In his third letter, writtch on the 10th of December, 1612, 
he demonstrates the sun’s, rotation, and assigns a period 
not far from that given by modern observation. 

Scheiner, who wrote under the signature of Apelles 
latens post tabulam, to the same Welser, held on his side 
that the spots were siifiilar to Jupiter’s moons, or pro- 
bably to the strange things which Galileo had then re- 
cently discovered round Saturn, or that they might be 
comets. He held that it was impossible they could be 
on the sun itself, and imagined some to be as fa%f!om the 
sun as the Moon, Venus, or Mercury (on the jNiolemaic 
system). At the same time he pom#d f 0ut^that they 
are thin, to account for their oval *ajpp^riliice e pear the 
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limb, adding tliat they are not fixed stars, although they chap; i. 
are as dense as the moon. 

It is not necessary in this brief sketch to do more. than 
refer to the detailed work of Schemer recorded in his 
“ Rosa Ursina,” or to the subsequent observations of 
Fabricius and Hevelius. 1 It is clear that the answer to 
our question -was now much closer; indeed we have the 
spots and no longer the sun itself, due to evaporations 
and exhalations, the luminary itself being described as a 
“ liquor ignetts . . . quasi vastissimum luminum pelaguset 
mare igneus , quod suos habct abyssos, occultos meatus vbra- 
gities at q ue vor tires.” 

Our next step carries us to 1774 ; for in De la Hire’s 
memoir presented to the Paris Academy in 1704, there 
is nothing that calls lor remark. 



Fir,. 2. -Explanation of Sun-apots on Wilson's hypothesis— of a solid, dark sun and cloudy 
envelope. Aand c*syx>ts as seen near sun’s centre and edge. • (See text far explanation,) 

;.4 

In 1 77^pn Wilson of Glasgow communicated a paper Wilson's 
to the ®b$yal Society, 2 demonstrating that the spots were wrk ' 

1 The reader profit consult Grant’s “ History of Physical 

Ast rononfy/'pjjXia^ et seq. * Phil. Trans. 1744. 
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chap. i. cavities in a luminous envelope surrounding the sun, which, 
U'Uson'i According to him, was a dark globe. His observations were 
:tw*. made on the great sun-spot of 1769. The reasoning on 
which he based his idea of the cavernous nature of the 
spots will easily be gathered from an inspection of the 
woodcut, Fig. 2 : it will be seen that it depends upon the 
different appearances put on by the same spot as seen in 
■ A. centre of the disc and near the sun's limb. In the 
of a spot, supposed round, seen in the first position, 
it w clear that we shall have a round, black shade in 
the><tsentre, equally surrounded by a half-tone; while when 
the.$pot is near the limb it is equally clear that on this 
fr frffe thesis.the central black shade will be almost entirely 
hiftpen, and the half-tone quite hidden on one side and 
lately developed on the other. Now this is exactly, what 
isdfeserved. 

* this papci* of Wilson’s, which is now acknowledged 
. one of the most important contributions to our 
Pr la knowledge of the sun, in 1776 De la Lande replied in a 

L">tde. pap^^ rese * n tcd to the Paris Academy. He does not agree 
with^SVilson, although he gives up the idea which he had 
formerly held, that the spots were masses of scoriae, and 
then he adds : — “ J’ai done pense que les taches etaient 
plutdt les Eminences d’un noyau solidc, decouvertes et re- 
couvertes alternativement par le. flux et le reflux de la 
matiere ignee ou elles sont presque toujours plongdes . . . 
les nebulosites [faculae] qui environnent les taches et qui 
ressemblenta desbancs de sable prdsentent l'idde d’un bas- 
fond qu’on apefSOtt i i’endroit ou la mature fluide a 
moins de profondeur.” s 

sir mu. We must last of all in this chapter deal with Sir Williajn 
5 Herschet’s 1 answer to the question at .the head of it. 

A . Aided by telescopes of his own manufacture, he doubtless 

was the first man on our planet to se4 the^sun in all its 
beauty and detail, amt is now seen with e&pn st^ill instru- 
ments of modern rrtake. 

* Phil. Trans. 1795, 
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Herschel’s fixed idea, evidently one gained from his first chak i. 
observations, was that the darkness of a spot was an 
indication of a cool habitable globe under the shining enve- habiiabu. 
lope of the sun ! and long before this theory is distinctly 
enunciated, some of the phenomena of the penumbrae are 
explained by the existence of “ mountainous countries,” 
though he acknowledges that such mountains must be at 
least 600 miles high. 



3 — Herschd’s theory of Sun-spots 


Photosphere, empyreal clouds ; b h Ooudy 


Spot with nucleus (umbra) without penumbra ; c, Penumbra without nucleus (umbra), 
or * shallow,** 


Although is polMble that we mayijjere trace the influ- 
ence of the^)ln|ip bf De la Lande, it is clear that he is 
a firm beffie^^,|h?Wilson’s hypothesis, for the old nomen- 
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chap. i. clature, which will be fully stated in the next chapter, 
is altered in Wilson’s sense. Instead of “spots’* we 
have “openings/* while spots without nuclei are termed 
" shallows,*’ connected faculae “ ridges,” and separate 
faculae “nodules:" the delicate jnottlings of the general 
surface are also called “ corrugations.” 

HtrscM's As a result of his labours, Herschel modified Wilson’s 
kyfvthais. hypothesis in this wise. Round Wilson’s dark globe, which 
He considered inhabited, instead of one envelope he placed 
two, the exterior one consisting of empyreal, luminous or 
phosphoric clouds residing in the solar atmosphere; the 



intetipt; one^oudy and opaque like our own, and highly 
reflective on its upper surface, so that the light and heat*of 
the upper enyelope were tempered, so to speak, to the solar 
inhabitants. He held that the solar atmos^§|e reaches 
to a great height, and is of great density, ahd that there 
is a clear space between the lower or “planetary»" cloud 
envelope and the body of the sun. ^ 

This, then, was Herschel’s idea ; what th| modern or.e is 
will be gathered frjj^n the following chapters. 



ON THE TELESCOPIC APPEARANCE OF 
THE SUN. 

It is now more than two centuries and a half since the chai*. u. 
first telescope was turned upon the sun, and longer still 
since Fabricius, unmindful of Appian’s recommendation of 
the use of coloured glass as a shield to the eyes, was wont 



M<;. s.— Early Sun-work. Scheincr’s Heliotropium Teleoscopicurtt. Reduced copy of 
woodcut ill his il J\osa Ursina." 

. to watfh fjbe wondegful spots crossing' the golar difip. This 
| he accomplished b^'aHowing the sun's rf§k to entef^hrough 
| a small aperture two a dark room, and projecting its image 
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cn*r. u. on a piece of white pfcper, pr, again, by viewing ii 
directly when near the horizon. This latter method — tin 
one pursued by Galileo in his observations — was improver 
upon by Scheiner, who placed a coloured glass betwcei: 
the object- and eye-glasses, and^still more by Sarde, win 
in 1620 placed it between the eye-glass and the eye. 

Here, then, we find the first employers of “optick tube” 
manfully battling against the obstacle which, even down 
to our own time, has proved all but insurmountable in 
observations of the sun — we mean his brightness, com- 
pared with which the lime-light pales its ineffectual fires, 
and appears even black when projected on his disc. 
Mdho<hef Among the attempts which have been made in later 
eburvatM*. jjp es t 0 observe the sun satisfactorily, we are no longer 
limited to the employment of Sir John Herschel’s glass 
speculum, or the diagonal eye-piece, both allowing nearly 
all the heat, and a very large percentage of light, to pass 
through them, and sending the enfeebled, but even still not 
sufficiently enfeebled, beam by reflection to the eye. But 
Jhe light may be deadened by passage through a silver 
film on the object-glass, or by polarization more or less 
total jjn the eye-piece. ? It is perhaps to be regretted that 
the Dawes’ solar eye-piece — the point of this latter instru- 
ment being, that the quantity of light admitted to the 
eye is reduced by observing only an excessively small 
portion of the solar disc— is falling into disuse. There is 
still another.method of research which possesses many ad- 
vantages, although it is a direct method, and as such may 
fuse or break the eye-piece, and give a distorted image; 

Use of we allude to the useof a screen — introduced;^ we have 
,Zu”ds^ "seen, by Fabricius— which has been employed ’ so suc- 
i.itions. .cessfully by Messrs. Carrington, Howlett, and others, the 
screen being of any material — plaster of Paris is the 
best — and being placed at a varying distance from the 
eye-piece, according to the magnifying powen’ fiOlfitired. 
Lastly to be redlfpd here— we shall have, further on, to 
return to its splendid results — is the lit of Solar photo- 
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crraphy, which in the hands afrMr. De la Rue and Mr. chaimi. 
Rutherfurd has shown H how inevitably it will some day 
supersede eye-observatidhs of the sun. 

Thanks, to these modern methods of research, and the 

recent increase in the number of powerful telescopes brought 

to bear upon our luminary, we have already reaped a rich 

harvest of facts relating to the general surface, the spots, and 

the faculaS§' which are gradually leading our philosophers 

to some more definite notion of the phenomena which 

these appearances indicate — although, alas ! our telescopes 

are still all insufficient to translate to us all the agencies 

at work, and all the action going on in that wonderful w*rLrs 

.... r ?, „ , . wanted. 

globe some ninety millions of miles away. One thing: 

we want more workers. Many of our best observers are 

busy men, who more often see the sun through a glass 

darkly in their places of business, than by means of their 

instruments : and, again, we want more powerful telescopes, 

and we want these telescopes high above the lower strata 

of our atmosphere, Mr. Hewlett's work was, we believe, 

all done with a 4-inch glass — would it had been ap 

8-inch ! We must not, however, forget that much sun- 

work relates to the position of the spots, and not tp their 

physical features. Kew and Ely formerly took spot-maps, 

so to speak, day by day by means of photography ; but 

the sun-pictures obtained were small : at the present The 

moment not only are we nowhere chemically registering ^ 

spots to the noble scale of a yard to the sun’s diameter, • staffed. * 

which Mr. De la Rue and Mr. Rutherfurd have shown us 

to be p&cticable, but to our disgrace the photographic 

record has^topped altogether. . 

Before we allude to the more recent discoveries in-sol^jr 
physics, it will be well to describe as briefly as possible 
the actual general appearance presented by the sun in a 
powe*ful telescope.; always remembering that our mighty 
luminary is some 91,000,000 miles removed, that its diam- 
eter is 100 times that of our earth, and that the chasms 
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we call sun-spots are somefUaes large enough to swallow 
us up, and half-a-dozen of our sister planets besides; 
while if we employ the finest teffecope, under the most 
favourable atmospheric conditions, we are only enabled 
observe the various phenomena as we should d® with the 
naked eye at a distance of 1 80,000 jniles. 

The first things which strike us on the su&t surface, 
when we look at it with a powerful telescopw, are the 
spots, which are not scattered all over the disc, but are 
generally limited to those parts of it a little above an,d 



F ig. 6,— Cyclonic Sun-spot.* (Secchi. ) 


below Ihe sun’s equator. The spots float, as it were, on 
bright general surface of the sun, called the photosphere^ s 
Spots generally exhibit three shades of ^darkness, fjjj 
float as it were in the bright surface or photosphere, tftef 
darkness increasing from the general surface till the apparent 

t tre of the spot is reached. We have first the penumbra , 
n the $nl/ra, then the nucleus. But sometimes the 
darker portions are excentric, and very irregular in outline. 

Observations of the umbra and penumbra^ tfith powerful 
instruments, have revealed to us the fact that change is 
going on incessantly in the region of the spots. Some- 
times changes arc noticed; after the^ lapse M aft hour efren : 
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here a portion, of the panurrfbra is seen setting sail across chap. h. 
the umbra ; here a portion of the umbra is melting from ~ 



f Changes ill ^un«pots. The great Sun-spot of 1865 (Howlctt). J. The spot entering 

the Sun’s disc, Oct. 7th (foreshortened view), a. Oct. 10th. 3. Oct. 14th : central view, 
showing the formation of a bridge, and the uuclcus. 4. Oct. 16th. 

sight j here, again, an evident change of position and 
direction in masses which retain their form. In some spots 
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evidences of cyclonic action are. very obyious (Fig. 6). 
The enormous changes, extending over tens of thousands 
of square miles of the sun’s surface, which took place in 
the great sun-spot of 1865, are shown in the preceding 
engraving. 

We next come to the brighter portions of the general sur- 
face, which are well seen near the edge of the solar disc, 
and especially about spots approaching the edge ; in these 
positions it is quite easy, even with a small telescope, to 
discern bright streaks of diversified form, quite distinct in 
outline, and either entirely separate or uniting in various 
ways into ridges and network. These appearances, which 
have been termed faculce , are the most brilliant parts of the 
sun. Where, near the edge, the spots become invisible, 
undulated shining ridges still indicate their place — being 
more remarkable thereabout than elsewhere, though every- 
where traceable in good observing weather. Facuke may 
be of all magnitudes, from hardly visible, softly-gleaming, 



Fig. 0. aurroundmg a spot, an teen near the Sun* edge. (Noble.) 

narrow tracts 1,000 miles long, to continuous complicated 
and heapy ridges 40,000 miles and more in length,' and 
1,000 to 4,000 miles broad. Ridges of this kind often sur- 
round a spot, and hence appear the more conspicuous ; such 
ridges are shown in Fig. 8, but sometimes there appears 
a very broad white platform round the spot, and from 
this the white crumpled ridges pass in various directions. 
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So much for the more salient phenomena of the sun’s 
surface, which we can study with our telescopes. There 
is much more, however, to be inquired into. We may 
begin by saying, that the whole surface of the sun, except 
those portions occupied by the spots, is coarsely mottled ; 
in a large instrument, it is seen that the surface is prin- 
cipally njade up of luminous masses — described by Sir 
William Herschel as corrugations — and small points of 
unequal light, imperfectly separated from each other by 
rows of minute dark dots, called pores, the intervals between 
them being extremely small, and occupied by a substance 
decidedly less luminous than the general surface. The 
luminous masses present to different observers many varie- 
ties of irregular forms, and hence it was that a few years 
ago we had the famous “ Willow-leaf Controversy,” now 
at last put to rest by the more decided outcome of recent 
discoveries. 

The originator of this controversy was Mr. Nasmyth, 
who announced the discovery of willow-leaved things- 
which were afterwards suggested to be solar organisms ! — 
nay, the definition ran still closer: they were solar dia- 
tomaccce, covering, like so many scales, the whole surface 
of the sun. Aided by a refractor (of 8 inches’ aperture, 
we believe) by Cooke, he found that — it is Sir John Herschel 
who narrates his discovery, and clothes it in his own beau- 
tiful language 1 — “The bright surface of the sun con- 
sists of separate, insulated, individual objects or things, 
all nearly or exactly of one certain definite size and 
shape, which is more like that of a willow-leaf as he de- 
scribes them, than anything else. These leaves, or scales, 
are not arranged in any order (as those on a butterfly’s 
wings are), but lie crossing one another in all directions, 
like what are called spills in the game of- spillikins, 
except at the border of a spot, when they point for 
the mpst part inwards toward the middle of the spot, 
presenting much the sort of appearance that the small 
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1 Good Words, April 1863, p. 282. 
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chap. ti. leaves of some water-plants or sea-weed do at the edge 
of a deep hole of clear water. The exceedingly definite 
shape of these objects, their exact similarity one to an- 
other, and the way in which they lie across and athwart 
each other (except where they form a sort of bridge 
across a spot, in which case they seem to affect a 
common direction, that, namely, of the bridge itself) — all 
these characters seem quite repugnant to the notion of 
their being of a vaporous, a cloudy, or a fluid nature. 
Nothing remains but to consider them as separate and 
independent sheets, flakes, or scales, having some sort 

of solidity These wonderful objects have been seen 

by others as well as Mr. Nasmyth, so that there is no 
room to doubt of their reality. To be seen at all, how- 
ever, even with the highest magnifying powers our tele- 
scopes will bear when applied to the sun, they can hardly 
be less than a thousand miles in length and two or three 
hundred in breadth." 

When this discovery was announced, an observer of the 
highest eminence, the Rev. W. R. Dawes, at once denied 
the reality of these appearances ; and a Paper by him, 
read at a meeting of the Astronomical Society, and the 
discussion upon it, gave rise to quite an excitement in 
the astrono'mical world. Mr. Dawes in his paper 1 re- 
marked ; — 

Tht Rn. “ When carefully scrutinized with large apertures and 
Daws' h’&h powers, under suitable atmospheric circumstances,” 
chseriii-* solar phenomena “are so wonderfully different in their 
hon< ' appearance from those presented by the diminished aper- 
tures formerly and necessarily in use, that it would not be 
very surprising if some observers, unaware of what had 
been previously seen and described, should imagine that 
the phenomena revealed by their newly acquired and 
powerful telescopes were really new discoveries ; and this is 
what there is good reason to believe has in some instances 
actually occurred. Such a mistake may also be more 
1 Monthly Notices; R. A. S., 1863, vol. xxiv. p. 33, 
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likely to be made when a new name has been applied by chap. n. 
some recent observer to an appearance long familiar to Daw ^ 
others, though previously unnamed. A name, no doubt, observa - 
has the advantage of affording a convenient handle tions - 
whereby to grasp the thing described ; but, unless it 
is very correct and appropriate, it conveys an erroneous 
impression of the appearance to which it is applied, and 
may become far more injurious than advantageous. It 
seems to me, therefore, to be desirable to direct attention 
to what has been long ago observed and described ; also 
to put on record some results of a pretty constant scru- 
tiny of solar phenomena with powerful and excellent 
telescopes during the last twelve or fifteen years. 

“The mottled appearance of the solar surface requires Mottled a p- 
no very large amount of optical power to render it visible. 

I have often observed it with a good refractor of only 2\ surface. 
inches’ aperture and a power of 60. Examined with a 
large aperture, such as 6 or 8 inches, it becomes evident 
that the surface is principally made up of luminous masses 
imperfectly separated from each other by rows of minute 
dark dots — the intervals between these dots being ex- 
tremely small and occupied by a substance decidedly less 
luminous than the general surface. This gives the im- 
pression of a division between the luminous masses, espe- 
cially with a comparatively low power, which, however, 
when best seen with high power, is found to be never 
complete. The masses thus incompletely separated are 
of almost every variety of irregular form# the rarest of all, 
perhaps, being that which is conveyed to my mind by Mr. 

Nasmyth’s appellation of * willow-leaves ,’ i.e. long, narrow , 
and pointed. Indeed, the only situation in which I have 
usually noticed them to assume anything like such a shape 
is in the immediate vicinity of considerable spots, on their 
penumbra, frequently projecting beyond it irregularly for 
a small distance on to the umbra , — an appearance with 
respect to which, in my * Description of a new Solar Eye- 
piece’ which I read before this Society in April 1852 (see 
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‘Memoirs,* vol. xx|. p, 4 161), I employed the following 
expression : — ‘ The interior edge of the penumbra fre- 
quently appears extremely jagged ; the bright ridges on its 
surface, which are directed nearly towards the centre of 
the spot, being seen projected to irregular distances on to 
the cloudy stratum (or umbra), and looking much like a 
piece of coarse thatching with straw, the edge of which has 
been left untrimmed.’ After nearly twelve years of care- 
ful observation of the same phenomena, I do not think 
I could improve upon this description." * 

Mr. Dawes then refers to Sir John Herschel’s description 
in his “ Outlines of Astronomy," art. 307, where he 
says : — “ The part of the sun’s disc not occupied by spots 
is far from uniformly bright. Its ground is finely mottled 
with an appearance of minute dark dots or pores, which, 
when attentively watched, are found to be in a constant 
state of change. There is nothing which represents so 
faithfully this appearance as the slow subsidence of 
some flocculent chemical precipitates in a transparent fluid, 
when viewed perpendicularly from above.” 

Mr. Dawes endorses this description — with the exception 
of the constant change of the pores, which he denies, 
ascribing the appearance to tremors in the atmosphere — 
and goes on : — “ A striking exception, however, to this 
comparative quietude is found in the immediate vicinity 
of spots which are either rapidly enlarging or closing. It 
is under these circumstances especially that the luminous 
masses are found to become more elongated. This is also 
more remarkably the case when they are preparing for a 
rush across a chasm , and thus forming those luminous 
bridges which so often intersect considerable spots. The 
point from whic|i such a rush is about to be made is often 
indicated by a general crowding together towards that 
place, and a general inclination of the longer axis of each 
of the elongated masses in that direction, which might, as I 
imagine, be well exemplified by such chemical precipitates 
as Sir John Herschel alludes to, if they were about to flow 
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through a narrow spout or openingan the vessel containing 
them." 

The question was soon narrowed to this: Nasmyth de- 
clared for willow-leaves all over the sun ; Dawes declared 
for something like them, which he calls “ bits of straw ” or 
“ thatch,” which are to be'seen only round the spots where 
they are formed from the general flocculent covering of 
the sun, by a drawing out of it, as it were, by some action 
in their neighbourhood. Sir John Herschel still held to 
his old definitidh— “a slow precipitation of flocculent 
matter.” It was not long before it was found out that the 
willow-leaves were "wanted.” Mr. Pritchard told us, on 
the authority of Sir John Herschel, that “the advancing 
state of our philosophy required the willow-leaves: and 
they came just in the nick of time.” Sir John Herschel 
remarks, in the article we have before alluded to: “These 
flakes, be they what they may, and whatever may be 
said about the dashing of meteoric stones into the sun’s 
atmosphere, &c., are evidently the immediate sources of 
the solar light and heat, by whatever mechanism or what- 
ever processes they may be allowed to develop and, as it 
were, elaborate these elements from the bosom of the non- 
luminous fluid in which they appear to float. Looked at 
in this point of view, we cannot refuse to regard them 
as organisms of some peculiar and amazing kind ; and, 
though it would be too daring to speak of such organiza- 
tion as partaking of the nature of life, yet we do know' 
that vital action is competent to develop both heat, light 
and electricity.” . & 

The controversy which began in 1863 .was still going 
on in 1865, with the distinct advantage that a rapidly in- 
creasing share of attention w r as given to solar phenomena. 
In France, M. Chacornac made important observations, 
while in England many good observers communicated 
papers to the Astronomical Society. 

On the 2nd and 3rd of April there was a fine spot 
011 the sun, which I was enabled to study under admi- 
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rable atmospheric^cOnditions, with the result that my own 
mind was soon made up on the controversy, and t&at 
important evidence as to a downrush into a spot was 
obtained. * . 

My communication to the Astronomical Society ran as 
follows : — 

“On the same leaf of the last number of the Monthly 
Notices 1 we have two opinions on the nature of the matter 
of which the sun’s photosphere is composed, coming from 
two men whom we must all respect,— Father Secchi and 
Sir John Herschel. Father Secchi writes as follows 

“ 4 1 cannot divest myself of the opinion that the photo- 
sphere is really made up of clouds, and that the luminous 
stratum is actually constituted like our clouds, the only 
difference being that the clouds on the earth are of watery 
drops or crystals, and in the sun they are of. some other 
substance.’ 2 

“Then we turn over the leaf, and we get Sir John 
Herschel’s opinion : — 

44 4 .... I suppose Mr. Nasmyth will have to give up 
the regularity of shape and equality of size of his 44 willow- 
leaves” — clouds , in the ordinary sense of the word, I do 
not think they are. .... I believe them to be perma- 
nently solid matter, having that sort of fibrous or fila- 
mentous structure which fits them when juxtaposed by 
drifting about and jostling one against another to collect 
in flocks, as flue does in a room.’ 3 

44 Nowife is quite impossible that both these opinions can 
be right Kginfi hertpPft is that observations such as those 
we have jt^jUfencd to are most valuable at the present 
time. I alRjpad, therefore, to have the opportunity of 
bringing sotire very i»*P§rfect observations of my own 
before the notice of the Society*, and I do so' simply with 
a view of showing that the matter need not long remain in 
doubt. I must not, however, take kny credit to myself as 
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being the first to observe what I sfirn* about to describe, 
because, as early as 1853, I believe, M. Chacornac made a 
similar^ observation. In a recently published letter 1 M. 
ChacornJtc remarks:— 

*' ‘ Having had the occasion formerly to observe small 
pieces of silver bathed in borax, melting under the influ- 



, 9 , '~^kctch of Siui-spol completed about nh. 40m. a.m., April 2, 1865. 

intende^to bTshov^n ,>enwm ^ ra aDt * ot * lcr appearances projected on to the umbra alone are 

a. Tongue of facuia (?) stretching out into the umbra. 

;• Clouds 0). See Figs. 10 and xi. 

axes uMFb 0mont0ry l ^ c “ willow-leaves” are changing the direction o&their larger 

n Tu h r ^P<-ct to the centre of the spot. Jl, . ~ 

• ine thiiicrs 0 n the general surface of the sun (ths^are shown hy die engraver 

leaves or^ricflirifrains on the 
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R « Sec Fig. 12, 

fclth^s ^/a^uckV^ 1 ^ ra sCenls C0m P° RC ^ °f layers, and the willow- leW^HKarranged like 
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ence of the blowpipe, I haye always i# my descriptions 
compared the “crystals” of the photospheric matter to 
this silver solder in a state of fusion. Of the same opinion 
as Mr. .Dawes, I-holdth^t “straws ’’are the objects which 

.v^. ; '■ 

Reader, jfan. 7. 1865. 
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give the best idea of the appearance of the objects of 
which the whole solar photosphere consists. On the other 
hand, I do not find that in the many notes, and espe- 
cially in those of Father Secchi, containing observations 
of this nature, mention is made of any important phe- 
nomena presehtad by these incandescent “willow-leaves’’ 
or “rice-grains.” As it is inherent in the nature of this 
matter, I will endeavour, as concisely as possible, to state- 
in what it consists. If we observe a “crystal" of photo- 
spheric matter which is completely isolated and projected 
on a dark portion of a spot, for instance, it will be seen 
that for a certain time it diminishes in volume and becomes 
spotted over with small dark pores ; that it is subdivided 
into numerous crystals, as if the photospheric matter were 
being volatilized, or as if there were a re-^bsorption going 
on, absolutely in the same way as crystals of sugar melt 
under a current of steam.’ 

“ I also have been able to see this diminishing of volume; 
but I have not been able to see the dark pores. From 
Mr. Fletcher’s paper I gather that he has seen them. The 
spot to which I wish to draw particular attention was 
observed on the 2nd and 3rd April. The observation of. 
the ‘3rd was very cursory indeed ; in fact, my attention 
was drawn* entirely away from the spot by the general 
appearance of the sun. Of this more presently. On the 
2nd of April the spot was extremely remarkable. It was 
a spot of the normal character, by no means cyclonic, but 
with a tongue of ^at appeared to be a portion of facula 
— I judge so (|om its extreme brightness — stretching half 
way into 'the spot, as it were. When the observation 
commenced* about half-past eleven, the tongue of facula 
was extremely brilliant ; by the time I left the telescope, 
about one. o’clock, that same tongue of facula seemed to 
be less brilliant than any portion of the penumbra. At 
the same time it seemed to me to be ‘giving out,’ as it 
were, at its end, and a portif0 (} of*the umbra between it 
and the penumbra appeared to be veiled with a stratus 
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[cloud evolved out of it. After a time large, tfery dim 
willow-leaves ’ seemed to be forming (condensing) on the 
[following portion of the cloudy mass. So that at first you 
[got a very brilliant mass of what appeared to be facula 
(gradually melting away into umbra, and then the umbra 
[condensing into ‘ willow- leaves.’ Tdcnow tjjfctt. in the case 
of an observation of this extremely delicate land, it would 



Fm. .fo.— wih. 30m. Fig. xi.-~ i2h. 55m. 

; cloudy portion seems condensing at Us edge into denser masses, 
but they arc very dull and faint. 

be rash to say that one absolutely puts the right reading 
on what one saw ; but I Certainly feel convinced in my own 
mind that I saw a bright mass of facula — I say facula on 
account of its brightness, but I do apt think it was actually 
above the of the photosphere— gradually expand 

itself into-# then the cloud became edged with 

‘ willow-lea^SprVj^ch' '^creased in number. At one time 
I saw two, clearly and distinctly. Some little time after- 
wards I saw five or six. I imagined I had made a mis- 
take ; but I do not now think it possible, for the atmo- 
spheric conditions were extremely good ; and I had well 
scrutinized the region before. I was aljp enabled to watch 
three or four cloud-masses on the inner edgd of the 
penumbra detach themselves from it at different points, 
and ti averse the umbra towards the centre gf the spot. 
Now, in a cyclonic spot this is easily intelligible, but it is 
difficult to understand two currents opposed to each other, 
or at right angles to each other; the one carrying the 
cloud-masses across the spot, — say from right to left, — 
another carrying them tip or down. This, however, is what 
I distinctly saw. I hope that observers who have better 
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rn .vi*. ii. eyes and better instruments than mine will bring their 
attention to this subject. 

** It has been taken for granted at present by MM. Faye, 1 
Chacornac, and others, that there is a downward current 
. into a spot, and my observations, I think, show this down, 
rush. It will be of great importance if the facts — first, that 
there is a dowrjf-rushT second, that this is accompanied 
* by the melting of the cloud masses carried down — can 
be established. 

Ckutpof “I also saw the ‘willow-leaves,’ or ‘rice-grains,’ in one 
re a lon of -the penumbra change the direction of their longer 
/twm axes in about three-quarters of an hour with regard to the 



hfi, 12 . — ish. 30m. 

*' Willow-leaves "'detaching themselves from the penumbra. 
A very faint one at f. 


centre of the spot — in fact they turned round bodily through 
a consideihble angle. Others projected on the umbra 
iVilicK - gradually melted away out of sight. One willow-leaf I 
leaves sail distinctly observed to set sail, as it were, over the umbra, 
umbra, and it had travelled a considerable distance when I parted 
company with it. I believe I saw another condense— the 
small one in the right-hand corner of the drawing (Fig. 9). 

“ These were some points of interest observed on April 2. 
Early on the following day the definition was, if possible, 
very much more fine. 400 was a power easily used on the 
2nd, and on the morning of the 3rd, the sun bore my 
highest power — 690 — an eye-piece which one uses but 

1 So runs my paper in the Monthly Notices, but I fear I hive done 
M. Faye an injustice, as ever since, until January 1873, when I add this 
note, he has advocated an uprush in spots. 
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rarely to advantage, with my aperture (6| inches Cooke). 
With this the surface of the sun was distinctly seen, and, 
thanks to the London fog, which cut off the heat-rays and 
allowed the object-glass to do its utmost in the way of 
definition, I did not require any dark glass. Drawing No. 9, 
which was hastily sketched on this; 2nd of April, shows the 
great difference in shape and appearance- 6f the ‘things’ 



tic.. 13. — Sun-spot (Secchi), showing the ‘'straws" in the penumbra, and the 
irregular masses on the general surface. 


(whatever they may be) on the general surface of the 
sun, in contradistinction to the ‘ willow-leaf ’ 1 — or ‘rice- 
grain’ — things visible in the penumbra. This great differ- 
ence was more than ever established in my mind by what 
I was enabled to see on the 3rd. 

“ I am well aware that my opinion on a matter like this 
is not of great value ; but still it may be worth while to 

riiV. ?' les f words are used merely with reference to the shapes they in- 
at . e > the second, edition of Mr. Nasmyth’s “Willow-Leaves” includes 
_ stu "Py rice-grain. The difference between the actual size of the 
ic „ ? r J un and Mr. Nasmyth’s estimate of the size of the willow-leaves 
s not m question.- J. N. L. (Note added 1865.) 
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point out that I did see ‘willow-leaves' or 'rice-grains’ 
pretty regularly shaped in the penumbra, and therefore 
might be expected to have seen them on the general surface 
of the sun had they been there. • liut I certainly saw 
nothing of the kind on the general surface of the sun. It 
would seem indeed that there is a running down of the 
shape ; for whereas on the sun the thing in debate is, 
according to my observation, a confused sort of circular 
mass, you get* in the penumbra near the edge of the photo- 
sphere sometimes pointed, sometimes rounded, sometimes 



fV* 14. Sun (.Sccchi \ 


truncated cloud masses, with a sharpened portion towards 
the umbra, and a very blunt portion towards the genera! 
solar surface. But if you observe similar masses which 
have traversed the penumbra, you find generally that they 
are pointed at both ends, the point being sometimes rounded, 
sometimes truncated. Of course it would be extremely 
difficult — indeed it is an observation one can scarcely even 
hope to make-— to watch a portion of photospherie matter 
coming in with a rush, as it sometimes does into the 
penumbra, then travelling through and changing its shape. 
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and then finally setting sail and melting; but I venture to chap , a. 
think that, if that can be done, it will possibly be found 
that the confused circular mass which is seen on the general 
surface of the sun will be gradually drawn out in its 
journeying towards the umbra; and if you can get it to 
traverse over^Uie umbra, you will find that it will look as 
much as possible like a wiUow-leaf." 

Since this was communicated to the Astronomical Society 
Mr. Muggins has given his vferdict very much to the same 
effect. 

Now it has been satisfactorily proved, notably by a 
beautiful stereoscopic combination of them, suggested by 
Mr. De la Rue, that the faculas are higher than the general 
surface of the sun ; that is, where the clouds are highest 
they appear brightest— ztr see f acute — because they extend Whyutset 
high into the absorbing atmosphere ; we know that on the J MUUT - 
bright surface of the sun rests an absorptive atmosphere, 
because the luminosity is remarkably less near the border, 
indicating that there is a greater thickness of atmosphere 
there which the light has to pass through before it reaches 
our eye. This point will be returned to in the sequel. 

The more minute features— the granules— are most pro- 
bably the dome-like tops of smaller cloud masses, bright 
for the same reason that the facuke are bright, but to a 
loss degree ; the fact also that the granules lengthen out 
as they approach the umbra of a spot is similar to the 
effect observed in the clouds in our own sky lengthened 
out when they arc drawn into a current ; while the admir- 
able drawings by Secchi reproduced in the preceding pages 
show how plastic the photospherie matter was, to be thus 
torn and contorted. 

Hut we shall see as we go on what a flood of light has 
been thrown on all these matters during the last few 

years. 
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t. Spots on the Sun! We can little realize nowadays all 
the hardihood required to make tM§t assertion in Galileo’s 
and Scheiner’s time. Spots on that body which Aristotle 
the great master had declared to be the type of everything 
immutable and incorruptible ; macula: on the immaculate ! 
spots on the last stronghold of the spotless ! What wonder 
that even down to our time all the horror set agoing by 
that daring statement has not yet left off vibrating. 

It is now more than 200 years ago since Scheiner, one 
of the first employers of the astronomical telescope, pub- 
lished his great book on the sun, in which these matters 
were first laboriously investigated. Since his time, espe- 
cially in later years, many observers, and among them 
Schwabe, Wolf, Peters, and Laugier, have continued the 
work; but the wonder and astonishment which they call 
forth are not yet one whit diminished to such men as 
Merschcl, and Helmholfiz, and Thomson ; nor are they 
the least part of that seemingly invincible mystery which 
surrounds the glorious sun, whose mighty power at last 
seems dawning upon us terruola. 

Newton, in his timcs,was content to ask# “Are not tip- 
sun and fixed stars great earths vehemently hot?" and 
some 200 years later, in our own, Mr. Carrington is still 
driven to the question, with which we started this book- 



MR. CARRINGTON'S RESEARCHES. 


33 


"What is a Sun?” Now this question is a generic one, chap. m. 
embracing an infinitude of specific ones of more or less 
importance Thus, for instance, we want to know some- 
tiling of its orbit-sustaining powers, and of the origin of 
these powers ; looking at it, as a “ great earth,” we want to 
know when -ftgggrill be as cool as ours is — as a star, if it 
lit- a variably one either in light or colour. Looking at it, 
again, as a sun, we want to know all its conditions, the 
secrets of its light and heat, of solar physics generally, 
and of the aforesaid spots, which, like straws on a stream, 
tell of the wondrous forces at work. And it is to learn 
micthing of these spots that Mr. Carrington has been Car ring- 
content to observe the sun every fine day for some seven tOHS VMrk 
years and a half, and t%d educe the exact position of the 
spots observed. Thistle has done with a vfary definite 
object in view, and one Which necessitated a forsaking of 
apparently all the most interesting kind of work connected 
with their telescopic appearance. He writes : — “ The dis- 
tribution of radiative power, the position of the thermal 
equator, the numerical amount of illuminating power and 
its possible variations, the estimation even of the degree of 
energy exhibited in the production of spots, and many 
other features, were consciously left aside, and the subject 
before my mind reduced pretty much to tracing regularity 
in the distribution in the maculae, detecting the true period 
of rotation of the body of the sun, and the determination 
"f the systematic movements or currents of the surface, 
lf such exist, in any definable manner.” 

The volume in which these researches appear, though a 
big book, is not the biggest we possess on this; subject ; but 
Lambre tells us that the biggest — Schemer's “ Rosa 
orsina” — should have rather consisted of 50 than 784 
P a gts: so Mr. Carrington may take comfort. 

Carrington,* distancing allprevious inquirers in the 


M-iJi° lwerv ? l ' ons °f the Spots on the Sun, from November it 
, lliisif\,i 4 i u ,86, a made at RedhiU." By R. C Carrington, ! 
“ ra,ed by 166 plates. Williams and Norgatc. * 
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chat. in. perfection of his instrumental means, the methods ^of 
~ reduction employed, and the time he has given to the 
subject, p resents us with values of the sun’s elements, and 
of the time Of Ita rotation, which it will be very- difficult for 
future astiotfbmers to improve upon. * 

In order that we may best communicate what he has 
done, let us suppose a boundless ocean in which both 
earth and sun are half immersed. This will represent to 
us the plane of the ecliptic, or earth-plane. Let us further 
suppose both earth and sun to be rotating on their axes 
in a certain period of time, the axes being either upright 
or tipped down — *>. inclined — to a certain extent in a cer- 
tain direction. '' 

Now, in the case of the earth we know exactly all these 
particulars. m We know that our day results from, and is an 
exact measure of, our rotation ; that our seasons are caused 
. by a certain tipping down of the axis, and that the pole- 
star marks for us, with sufficient accuracy for our present pur- 
pose, the exact amount and direction of this tipping down. 
The annexed woodcuts (Figs. 1 5- — 1 8) will give a good 
idea of these particulars in the case of our earth, and hon- 
ks appearance changes in consequence as seen from the sun. 

Equally, therefore, before we can properly define our sun 
as a member of our system, we must find out these parti- 
culars for it ; we must know how it also is floating in our 
hypothetical ocean, whether at rest or perpendicularly, and 
If neither^ then the length of its day, to speak in earthly 
language, and the position of its pole-star must be deter- 
• mined. But how is this to be accomplished ? We need 
scarcely say that it is to the spots on the sun that we must 
look for the solution of these problems. Ftntunatcly, the 
sun, when examined with a telescope, / ly^t'-the equally 
illuminated disc it appeals to be to the tfftaided vision, and 
the spots visible onits surface may be l^ebed to straws 
which show us the rate and direction of a stream, for n0 
sooner were they discovered than it was observed that 
they liad a motion across the sun. 
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Now let us return to our hypothetical ocean, and see how chap. m. 




k,g * T?»« Ranh, utttn from tha Ham (Summer Solstice, noon at London 

" e can take advantage of this knowledge: if our half- 
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map, m. immersed sun were floating quite uprightly, the spots 



Yiu in — Tflift .Eanfc* from the &«t» (Autumnal Equinox, noon «( London) 
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carried round by its rotation would always keep at the 
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same height aboH the waves, from whatever part of the 


earth’s annua! journeying the sun was observed. But this 
we do not find, to he the case. Froitt two opposite points 
of the earth’s orbit— the points it occupies in June and 
December— the spots are seen to describe straight lines 
across the ; while, midway between these points, 
in September and March, these paths are observed to be 
sharply curved, in one case with the convex side upward, 
in the other with the convex side downward. A moment’s 
thought will show that these appearances can arise only 
from a tipping down of the sun’s axis, the amount and 
direction of which can be ascertained by observing either 


September* Dcc*rol«?f% Mtrvlt, 



Ki.'i, — The Sim *wew from *b« Earth. Powtwm of the Sunn axt*, iwd Apparent p»ih« v»f 

the «fau (he ** from the KertH at different tiww the year. 'Hie 

arrows show the difWGtkm in which the Sun notate*. The im:l«n»uoft of the Sum's axi* h 
exaggerated, to that the effect produced may lie more dearly ween, 


the angle made by the parallel paths which the spots 
describe with the surface of our ocean, or the amount of 
curvature of the curves, and by noting the earth’s place 
when the lines, are straightest or the curves* the most 
proHOHCt'es. It is thus found that the sun’s axis inclines 
towards the point occupied by the earth in September. 

Here, then, we And Mr. Carrington sitting down to work 
m order to record every spofc^isjble, whether small or 
h r cat, on the day of observation, Tb get a view of the 
s un he projected an image, as did Scheiner with that first 
cquatoriais, his HHiolropium tdtoscopicum, and as, 
•'oubtless, many of our readers have done, on a screen ; 


CHAP. III. 
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chap. m. but how was the position of the spots to be accurately 
recorded ? There was In 1855 no Kew^photoheliograph to 
do this ; but the question received at Mr. Carrington’s hands 
a satisfactory solution almost as soon as suggested, and the 
eyepiece 'was armed with two cross wires, very nearly at 
right angles to each other, and inclined approximately 45% 
on each side of the parallel of declination. The why and the 
wherefore of this beautiful contrivance are mathematically 
demonstrated and fully explained by Mr. Carrington. 

The telescope, when adjusted in decKnation so that the 
image of the intersection of the cross bars would fall nearly 
0.1 the centre of the image of the sun, was clamped ; and 
fvsttum »y t j JC i m agc of' the latter was allowed to travel over the 
hxed images of the bars, the exact times of contact, true to 
the tenth of a second, at which the limbs and spots touched 
both bars being noted* Sopetimes as many as thirteen 
spots were thus observed at three passages over one bar 
and two over the other. 

4 Nothing can surpass the wonderful patience with which 
Mr. Carrington — our English Schwabe— has thos collected 
thousands upon thousands of observations, or the con- 
summate skill wittf which they have been reduced. I M’s, 
perhaps, from the 166 plates in which Mr. Carrington 
with the most scrupulous care has represented the spots 
visible on each day of observation, that his diligence will 
be most tangibly gathered. The exact position of each 
group on the sun in reference to its equator and the as- 
sumed prime meridian is given in one series ; in another 
ail the observations of each group observed more than 
once are fully shown, the altered appearances of the 
sjx>ts being given as well as their different positions on 
the disc. . 

And here we approach one of Mr. Carrington's results, 
apparently a very simple one, but one that would amply 
repay him for all his labour were It to stand alone. 

All our text-books tell us that the sun turns on its 
axis, the period of its axial rotation having been deduced 


Carrimg- 
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from observations of its spots noticed indiscriminately chap. hi. 
in any part of the disc But, from the time of Galileo, “ 
who made the period of rotation about a lunar month, sun's rota* 
down to our own, authorities have differed very consi- iis 

derably. Thus Grant, in his “History of Physical Astro- 
nomy,” giveCa period of 2?d. 8h. (he quotes no authority). 

Laugier found 25 ^d., and later observers have made it 
still less. 

Mr. Carrington now comes to the rescue, and announces Proper 
to the world a discovery of the utmost value. He tells 
us the spots travel at different rates, depending upon their 
distance from the equator, either north or south, and 
that the different rates are bound together by a law, so 
that he is enabled to represent all the rates very nearly by 
the following formula: — 

• 865 - i65'§in.i(/- i°) 

So that the sidereal rotatjoff of the equatorial photo- 
sphere is accomplished in 3086 days; and of that at a 
latitude of 50' N. or S. — the highest point at which spots 
have been observed — in 28 - 36 days. i? * 


We said of the photosphere : the sun itself, whether it be 
the glade-bedeckt world imagined by Sir W. Herschel, or 
the incandescent globe required by both the old and the 
new philosophies, has revealed none of its secrets to Mr. 
Carrington. But it is clear that it must be content with 


«>ne only of these differing rates of motion : and the ques- 
tion is, what is it ? Sir John Herschel, in an admirable 


article on sun-sppts in the Quarterly Journal of Science, 
deals with this question. Mr. Carrington considers that 
the views of Professor (now Sir William) Thomson “ On 
the Mechanical Energies of the Solar System” are sup- 
ported by his discovery, supposing that the sun itself 
travels more slowly than the photosphere. He 

remarks In the absence of an hi^essed motion from 
sonie such external force, it would -to expected that the 
Cl *rrents of the surface of the sun would resemble those of 
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chap* iu. the earth’s ocean and atmosphere, and be-westcrly and 
" towards the poles in the tropical latitudes, and easterly in 
the higher latitudes ; the direction of rotation in such cases 
. being the same, and the equatorial region in each the 
hottest.” Besides determining anew the elements of the 
sun’s equator-— in other words, the position of the sun’s 
pole-star— -Mr. Carrington has put us in possession of an 
important fact regarding the minimum period of sun-spots. 
C#»tr>Kti>>n He detected “a great contraction of the limiting parallels 
tonMth'mt between which spots were found previously to the mini- 
mimtmmm mum ; . . . . and soon after this epoch the apparent 
r/s* /*>w. mcncement of two fresh belts of spots in high latitudes , 

north and south, which have in the subsequent years shown 
a tendency to coalesce, and ultimately to contract, as 
before, to extinction." In Sir -John Herschel’s paper , 1 to 
which we have before ailudtfd^there 4 is a passage which 
shows in a very strong lighfNfftfe value of these remarks of 
Mr. Carriqgfon’s. In attempting "to account for the phe- 
nomena of sun-spots by the presence of a nebulous ring, 
Htrukdr't he writes : — “ Let us suppose (and such a supposition has 
ZgTkwry. not ^ een deemed inadmissible in attempting to account 
for the periodical return of meteors) the existence of an 
elliptic ring of vaporous, nebulous, or small planetary 
matter, which such a major semi-axis {4*979) as corre- 
sponds to a periodic time of each of its particles® ini 
years; of such eccentricity as to bring its perihelion within 
the limits of the solar envelopes; and revolving either in 
the plane of the ecliptic or in some other plane at a more- 
considerable inclination of the sun’srf^uator. Let -it be 
further assumed (still in anlaogy with assumptions not 
regarded as unreasonable in the meteoriferous ring), that 
the distribution of the circulating matter in it is not 
uniform — that it has a maximum and minimum of density 
at pearly, but notquite, opposite points, and no great 
regularity of gradation between them. It is very con- 
ceivable that the matter of such a ring, introducing itself 
Quarterly Journal of Science, April 1864. 
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with planetary velocity into the upper and rarer regions 
of the sun’s atmosphere at an incidence oblique to its 
regular and uniform equatorial drift, might create such 
disturbances as, either acting directly on the photosphere, 
or intermediately through a series of vortices or irregular 
movements propagated through the general atmosphere, 
should break its continuity and give rise to spots, con- 
forming in respect of their abundance and magnitude to 
the required law of periodic recurrence. If the change of 
density from the maximum to the minimum were gradual, 
but from the minimum to the maximum more abrupt, so 
as to allow the disturbances to subside gradually and re- 
commence abruptly — the fresh and violent impulse would 
be delivered first of all on a region remote from the 
equator (by reason of the obliquity of the ring), and would 
give rise to a recommencement of the spots in compara- 
tively high latitudes. '> > 

“If the section of sutfh a ring as we have supposed at 
its aphelion were nil, the period of fill years would be 
strictly carried out; the maxima and minima would suc- 
ceed each other with perfect regularity, and the’ paucity and 
abundance of the spots in the several phases of the same 
period would follow a fixed ratio. But if not, the several 
parts of the ring Would not revolve in precisely equal times 
— the period of i rn years would be that of some 
dominant medial line, or common axis of all the sections 


CHAP. 111. 
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in which a considerable majority of its matter was con- 
tained ; and the want of perfect coincidence of the other 
revolutions would thorn or less confuse without obliterating 
the law of periodicity, which, supposing the difference to 
he comprised within narrow limits, might still stand out 


Vcr y prominently. Now, it might happen that there were 
Uvu such medial lines, or more copiously stocked ellipses, 
wch having a maximum or minimum 1 ^ detui^ andii^at 
dieir difference of periodic times should be suchas to bring 
round a conjunction of their maximt in 56 or a ay other 
considerable number of years; and thus would arise a 
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chap. m. phenomenon the exact parallel of Dr. Wolfs long period 
and his series of greater and less max-ima,” 
rke va/ue We have given this extract to show the enormous value 

oL&ialtLt a well-ascertained fact; and Mr. Carrington may be 

fast. congratulated upon the possession of that sagacity which, 
by limiting his inquiry, has enabled him to produce such 
facts. But to show how wide is the held laid open to us by 
any facts connected with the sun, we may state that, in 
his last plate, Mr. Carrington gives two curves showing the 
variations of spot-frequency in the ll*2 years period dis- 
Cunxttf covered by Wolf, and the variations of the distance from 
***mt£f sun of the planet Jupiter, — and truly the curves run 

Jupiter's together in a very marvellous manner for a certain distance ; 
hut more recently still Dr. Balfour Stewart has attempted 
to account for the long sunrspot period of about fifty-six 
years, which in such a remarkable manner connects the 
increase of . sun-spots and the frequency of aurora. He 
remarks, that as two revolutions of Saturn are very nearly 
equal to five of Jupiter, we shall have every fifty-nine years 
the same planetary phenomenon repeated ; and he shows 
that the dates of the aphelion of the two planets come 
closest together about 1840, which is not far distant from 
1836, the date of maximum given by Professor Wolf. 
There will be more to say on these planetary connections 
presently. 

This work — this splendid addition to our astronomical 
literature and knowledge— is, we m|st state in conclusion, 
after all but a kind of hors d’aeuvrO0ndcrtiken to fill up 
those parts of the day which were’not required for the 
reduction of the nights’ observations maide for the Redhill 
Circumpolar Stars Catalogue. Looked at from any point 
of view, it reflects the highest honour, not only upon its 
author, but upon th?J^pyal Society, who have aided its pub- 
lication by a grantyand upon the whole body of £pg I,sl ’ 
amateur astronomer^ ft is well that all should know that 
there are such men as Mr. Carrington, who are content to 
give their time, money, energies, talents, everything they 
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possess, to the pursuit of such studies, and, while Kew and chap. m. 
Ely are daily registering the sun , 1 so as to extend the use- 
fulness and gather fresh facts by means of the methods 
here laid down, we hope that some one will be encouraged 
by Mr. Carrington’s bright example to study the physical 
features of .th®. spots apart from all theories, and present 
us with the detailed telescopic appearances which they 
present at intervals of — say — some half-hour or so. Who 
will volunteer ? 

i Alas ! this is no longer true ! to the lasting disgrace of British 
Science the daily photographic record has ceased. (1873.) 



M FA YE 'S FIRS T THE OR Y OF THE PH YSICA /. 
CONS TITUTION OF THE SUN. 


LITTLE wonder is it that the physical constitution of that 
luminary in which modern science teaches us our very 
life itself centres, should be at present a subject of all- 
absorbing interest among philosophers ; and little wonder, 
too, is it, that in spite of all the aids now at the disposal of 
scientific men the riddle of the sun is yet unread. AVc 
have done so much, and gleaned so many facts at distances 
the very mention of which is almost meaningless to us, so 
stupendous are they, that we forget that our mighty sun, in 
spite of its brilliant shining and fostering heat, is still sonic 
ninety odd millions of miles removed ; that its diameter is a 
hundred times greater than that of our earth ; and that the 
yawning chasm we modestly call a sun-spot is yet large 
enough to swallow us up and half-a-dozen of our sister 
planets besides ; while, if we erjfipkry the finest telescope 
under the most favourable atmospheric conditions, we are 
only enabled to observe the varies phenomena as we 
should do with the naked eye ate distance of 1 80,000 
miles. * , 

- Surely out powerlessness to grasp the physics of the sm> 
should surprise no one, if this fact alone be borne in mind, 
while the " willow -leaf controversy" shows us the difficult)' 
our observers have, not in collecting facts, but ill actually 
being sure of what they sec. The very stupendousness 
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tlie scale on which the action is carried on on the sun's chap. iv. 
surface is another difficulty, although a fortunate one, for 
without it we should see nothing. Still our observers, 
our physicists, and our theorists are not dismayed ; and as 
a sign of the present activity, the question of solar physics 
lias recently occupied the attention of our Royal Society 
and the French Academy of Sciences ; a searching re- 
duction of the Kew pictures and a notice of the physical 
aspect of the sun being presented to the former body by 
Messrs. De la Rue, Stewart, Loewy, 1 and Professor Phillips, 
and two papers dealing with the physical constitution of 
the sun being presented to the latter by M. Faye* 

It is to the communications to the last-named body that 
we now wish to draw attention ; the more so as the part of 
it already published contains a very admirable historical 
notice of the progress of the inquiry. In a subsequent 
chapter we will discuss opinions at present held by our 
leading men of science. 

M. Faye’s historical notice commences by a reference to 
Wilson’s theory of a solid, dark, and relatively cold nucleus 
and brilliant envelope, which (as already stated) was 
afterwards adopted by Sir William Herschel, who further 
embellished it with a cloudy stratum, lying between the Htruhs'f 
nucleus and the photosphere. This stratum was eminently strafum. 
reflective, though not self-luminous, like the photosphere. 

Wilson’s gaseous eruption, the bursting of which through 
the photosphere caused a “ sun-spot," was now held to break 
through the cloudy stratuoi £s well, and this latter was held 
to give rise to the app^ardnee of the penumbra. It will be 
'een that both Wilson and Herschel built up their solar 
theory on terrestrili models. The latter went so far as to 
■magine in our aurora: a resemblance to the photosphere, 
and among the functions which he attributed to the cloudy 
stratum was that of rendering our sun a habitable globe. 

Hence the perfect reflecting power which he ascribed to it. 

\ } he results of the Kew work will be stated in detail subsequently. 

( omfl/es Renffus, vol, lx. pp. Rg and 138, 1865. 
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c hap, iv. M. Faye,, however, points out that, in addition to the the- 
ories now exploded, we owe to Wilson our first knowledge 
of two important facts : (i) That the spots are cavities ; 
( 2 ) That the photosphere is neither solid nor liquid, but 
of a nebulous, gaseous structure. On the first point tin 
contrary' opinions held by La Hire, Lalande, and some 
physicists of our own time are strongly commented upon, 
astonishment is expressed at the hardihood of those who 
hold them, and the beautiful stereoscopic combination 
imagined by De la Rue is advanced in support of the 
unanimous testimony of all who have ever observed the 
sun through a telescope, or have brought the laws of per- 
spective to bear upon the inquiry. It is curious, however, 
cruc ' a l remark of Dawes, that if the spots were 
tettkmiJ clouds we should have a notched limb whenever they 
passed off the disc, is not alluded tot 
limb :< •*<■» On the second point, regarding the photosphere, it is 

vrZJtrtL rernar ^ et * that astronomers would sooner have asserted the 
fuH. small mean density of the sun and its enormous heat in 
support of the evidence of their telescopes, if they' had not 
so long held to the theory of the cool and habitable globe 
underneath. So that Arago’s deduction from his experi- 
ments on the polarization of the sun’s light — a deduction 
which supported the theory of the gaseous nature of the 
photosphere from a new point of view' — was doubly welcome. 
Many objections were raised against the validity of this 
new argument. Some objected to it as being merely a 
cabinet experiment (we know better than this now); 
others have met it with absolute fltnd complete denial. 
Thus, Sir John Hcrschel has statedtbSt, in consequence of 
tkfrv-’mity ^ 61101111003 rugosity of the sun, the rays which reach us 
of th) sun. from any portion near the limb arc not necessarily ray* 
which leave the sun at a small angle from the light-giving 
surface; they may come from surfaces having alj imagin- 
able inclinations to the ray. It is evident, therefore, that 
the light coming from the margin contains a mixture o 
rays polarized in every direction, — a condition of things 
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which would entirely vitiate Arago’s conclusions. M. Faye chap. iv. 
thinks that if the illustrious “perpetual secretary" were 
still among us, he would reply, that at so great a distance 
a portion of the surface of any size, near the limb, would, 
in spite of these irregularities, affect a general direction, 
which would osincide with the mean surface to which is due 
the contour of the sun ; hence a general predominance of 
obliquity in a given direction for the generality of rays 
which enter the polariscope : consequently the rays should 
contain a certain proportion of light polarized perpendicu- 
larly to the plane of convergence, if the radiating body is 
solid or liquid. M. Faye states, in addition, that he has FaySse: «yv- 
lately been experimenting on globes of frosted silver, which 
everybody will grant presents a rougher surface, relatively, «vwr 
than the sun. Still the polarization was very strongly S Mts - 
manifested towards the borders, and even on the parts 
much nearer the centre. 

A second objection is more important. Angstrom has 
shown that gases and vapours absorb the rays of a refran- Absorption 
gibility identical with that of the light which they them- "J 
selves emit when brought to a state of incandescence ; 
and, taking advantage of this discovery, MM. KirchhoflT 
and Bunsen have shown that it is possible to reproduce, 
artificially, the principal lines of the solar spectrum by 
interposing the vapours of various metals between a sub- 
stance capable of giving out a continuous spectrum, and 
the eye. 

M. KirchhoflT has applied to the sun itself this excellent s 

laboratory experinM&t. We want a source of light giving 
a continuous specfhiib : this will be the photosphere. We 
want interposed metallic vapours : they will form the invi- 
s >ble atmosphere of the sun. The nature of these vapours 
will be determined by the solar rays absorbed, but iacatt- ’ 
descent solids and liquids give a continuous spectrum, 
whilst gases and vapours furnish only one limited ton few 
bright bands: therefore the photosphere, far from being 
gaseous, as we have thought, and as Arago believed himself 



SOLAR PHYSICS. 


4* 


chap. iv. to have shown experimentally, must be a solid, because 
Tit gives a continuous spectrum. So these two celebrated 
experiments are contradictory ; the polariscope says one 
thing, and the spectroscope says another, and many philo- 
sophers, forgetting the once vaunted experiment of Arago, 
* have accepted the evidence furnished by the spectroscope. 

M. Faye affirms that this fundamental contradiction is 
one in appearance only, and he undertakes to prove this 
in the second part of bis memoir. In the interim he affirms 
j again that M. Kirchhoflf’s conception of a solid or liquid 
incandescent sun cannot by any possibility represent the 
actual facts. 



ah, — ExpUnalbn of on KircHhofl"* byf*>th**i* tbai (k »pot» are d«u!» 

p?{ioiw.pkrc i* si 


He remarks that if an actual solid or liquid condition be 
assigned to the photosphere, we must., look elsewhere for 
the cause of the spots. This ts what- M. Kirchhoff has 
done, reproducing Galileos first impression, ,»n spite of 
Galileo's recantation of it Galileo reasoned as follows : If 
two neighbouring spots arc observed near the centre of the 
disc, with a bright interval between them, if the spots were 
protuberances this line of light would decrease as the spots 
approached the limb, and would soon disappear because 
one of the spots, if it were a projection, would hide it But 
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observation proves that this line of light remains constant chap. w. 
till the spots disappear. For the last two centuries and a 
half 'astronomers have contemplated and measured without 
finding Galileo's remark wanting, and it is useless to remark 
that Wilson’s argument, unknown to Galileo, has finally 
fixed our ideas gs to the nature of the spots. 

M. Faye next refers to the distribution of the spots on OnnOu- 
the sun's surface. Since the time of Fabricius, Galileo, and 
l ather Schcincr even, we have known that the spots are 
confined to two zones between the parallels of 30’ and 35"' 
north and south, excepting an equatorial zone a few degrees 
wide, in which they very rarely show themselves ; hence the 
spots are in relation with the sun's rotation, and we have 
analogous phenomena in the case of the larger planets, our 
own earth included. 

Now if, as is the calc with the planets, the polar regions 
of the sun are colder than the equatorial regions, there would 
lie produced in its atmosphere — always accepting the theory 
of the dark nucleus — currents analogous to our trade winds, 
and consequently cyclones capable of tearing the photo- 
nhere, and even the cloudy stratum. On this hypothesis 
we can understand the narrow limits within which the 
• s pots appear, reasoning by analogy from the monsoon 
regions of the earth, which are those infested by cyclones ; 
and further sun-spots would be produced by descending 
r u r rents, and not by ascending eruptions, as held by Wilson 
and Sir William Ilerschel. Sir John Herschel's beautiful 
theory, that the sun is actually colder at the poles, by reason 
the smaller thickness of the atmosphere in the polar 
u g>ons allowing a greater radiation of heat, is therefore 
'text alluded to, and it is remarked that this brilliant 
conjecture has at once taken the sun-spot theory out of 
the domain of perspective, and rendered it capable of 
( >n.imical treatment. Still, M. Faye docs not accept * 

• >r John Herschel's suggestion : he holds, in the first 
P ‘ice, that the. rotation of the sun is too slow to produce 
u atmospheric flattening required by it; and secondly. 
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that the spots would affect, like our own clouds, a common 
movement of translation from the poles to the equator,— 
a movement not confirmed by modern observation. After 
alluding to the work of Mayer, Thomson, and others,— 
work which has enlarged the circle of our ideas, and 
banished from science the notion of a solar nucleus, 
dark and cool, — M. Faye promises in the next part of 
his paper to give the principal results of our modern 
work, and co-ordinate them, starting with the idea of a 
gradual cooling of an enormous mass, animated by a move- 
ment of rotation, and of an excessive temperature which 
maintains alt the elements in a chaos of complete disunion, 
except at the limit which separates the mass from the 
vacuum and cold of space. 



M. FA YE S FIRST TH FOR V OF THE PHYSICAL 
CONSTITUTION OF THE SUN {continual). 


Wk said in the preceding chapter that the riddle of the 
sun was yet unread. A careful perusal of the second part 
of M. Faye’s very remarkable memoir would almost make 
us pause before we repeated the remark, not because we 
have accepted his solution- — it is not to be disposed of so 
easily — but because it is one of the most important contri- 
butions to this subject that we have had for some time, and 
it is quite possible that the full discussion which it certainly 
will receive at the hands of our physicists may result in an 
extension of our present knowledge, and a firmer stand- 
point for further investigations. The second part of M. 
1 aye's memoir commences with a reference to the work 
done on the sun since Arago’s time, that work being 
classed as follows: — (i) Study of spots, facuke, and general 
surface of the photosphere. ( 2 ) The movement of rotation. 
< 1’henomena exterior to the photosphere, observed during 
total eclipses of the sun. The latter are not referred to at 
any great length, as the photosphere is now in question 
principally, but it is shown that the presence of rose- 
coloured prominences on those parts of the sun where spots 
arc "over seen is a sufficient proof of the want of connec- 
tjon between the phenomena. Schwabe’s sun-spot period — 
1 'e lengthening of the spots in the direction of the parallel 
1 le s ' ow gyratory motion observed by Dawes — the obser- 
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chap. v. rations of M. Chacornac — and the proofs brought forward 
^ Dawes, Secchi, and De la Rue of the height of the 
* f faculae, are mentioned, and reference is made to the work 
at Kew ; and here, before we proceed, we will give, as briefly 
as possible, the latest results obtained by the Kew observers, 
which were communicated to tire Royal Society at its last 
meeting. — results which bear closely upon this part of 
M. Faye's memoir. The materials at their disposal con- 
sisted of Mr. Carrington's original drawings from November 
1853 to March 1861, and the Kew photographs taken con- 
tinuously since 1858. To Nature as exhibited in these 
drawings they have put the questions : — 

i t) Is the umbra of a spot nearer the sun’s centre than 
the penumbra ; or, in other words, is it at a lower level ? 

fff Is the photosphere of our luminary to be viewed as 
composed of heavy solid or liquid matter, or is it of the 
nature either of a gas or cloud ? 

(3) Is a spot (including both umbra and penumbra) a 
phenomenon which takes place beneath the level of the 
sun’s photosphere or above it ? 

Now if the umbra is appreciably at a lower level than 
the penumbra, we are entitled to look for.#n apparent 
encroachment of the umbra upon the penumbra on that 
side which is nearest the visual centre of the disk. Tbi- 
ts the phenomenon observed by Wilson. 

/-.mr.-tSt- Taking all the cases where an encroaching behaviour oi 
the nmbra in a right and left direction has been perceptible, 
86 per cent, are in favour of the hypothesis that the umbra 
is nearer the centre than the penumbra, while 14 per cent, 
are against it. Taking all available spots and distributing 
them into zones according to their distance from the centre, 
this encroaching behaviour is greatest when spots are near 
the border, and least when they are near the centre 
Dealing with spots in high latitude only, and taking 
those cases where an encroaching behaviour of the umbra 
in an up-and-down direction has been perceptible, 809 P cr 
cent, arc in favour of the hypothesis that the umbra i" 
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nearer the centre than the penumbra, while 19 I per cent. « hai>. v. 
are against it. 

Here, then, we find the most recent discussion of these 
observations bearing out entirely the view held all along 
by astronomers, and adopted by M. Faye in the first part 
of his memoir;' Mr. Carrington's recent book is the prin- 
cipal text chosen by M. Faye on which to base his remarks 
on the rotation. He gives a table showing the period of 
rotation determined from observations of spots in both 
north and south heliocentric latitudes up to 50*. — a period 
varying from 25*06 days to 28*46. The displacement of 
the spots in latitude is especially dwelt upon, as they show 
that the great currents which on our globe transport masses 
of air from the poles to the equator do not exist on the onth/sun. 
sun, — a fact before referred to, and which tells equally 
against Herschel’s and Kirchhoffs hypothesis. In fact 
clouds or cyclones cannot make head against the rotation 
with a rapidity of 2, OCX) leagues a day (in lat. 55 ), except 
they approach the equator with a rapidity comparable to 
that of their movement in longitude. Now, if Mr. Car- 
rington's observations tend to enlighten us at all on this 
head, pastille 15th degree of latitude, they testify to a 
movement from the equator to the poles in exactly the 
opposite direction to that required by these hypotheses. 

M. Faye then proceeds to give his explanation of the 
physics of the sun, taking as a start-point the fact that 
nothing really distinguishes our sun from the multitude of 
stars which shine in the heavens. Astronomers admit will- 
»'gly that he Is a star of mean size, of nearly white light, 
aiu * slightly variable. We have, therefore, to deal with a 
phenomenon of considerable importance to us doubtless, 
hut one after all of common, and indeed ordinary character, 


nu t with in the stellar universe. It is convenient, there- 
f ,)r e, that we should set out with the most simple and 


fp nvral- idea, and the one most applicable to the stars 
taken as a whole. This idea is that of the successive 


'eunion in vast agglomerations, under the influence of 
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attraction, of the matter of the materials first scattered 
through space. Hence two immediate consequences— 
(i) The destruction of an enormous quantity of vis viva, 
replaced by an enormous development of heat ; (2) a 
movement of rotation more or less slow' for the entire 
mass. The calculation of the Amount of heat developed 
in the formation of the sun has been made by M. Helm- 
holtz, by the' aid of several plausible suppositions as to 
the numerical elements of the question. This calculation 
shows that it is easy’ to account for a duration of several 
millions of years, although chemical action would only 
sustain the present radiation of heat for half the actual 
historical period {3,000 years). 

This internal heat, when it is a question of masses so 
considerable, much surpasses that at which chemical action 
commences, but the cooling down in such a mixture of 
gases and vapours determines successive phases which 
M. Faye examines. In consequence of this cooling, in 
which conductibility exercises but an insignificant power by 
means of interior movements, a stable equilibrium between 
the different strata, analogous to that in our own atmo- 
sphere, in which the displacements are due to &n exterior 
cause, will soon be established. Now, whatever may be the 
temperature of this homogeneous gaseous mass, its radiating 
power, confined to its surface— since each stratum possesses 
a special absorptive power for the rays emitted by the 
inferior layers — will be v ery small. The conducting powers 
being also fuller, the equilibrium of the entire mass will 
undergo but slow modifications, and unless new conditions 
be introduced, we cannot understand how such a mass can 
radiate the enormous quantity of heat, which seems to 
undergo no diminution in the course of ages. On this 
point M. Faye reasons as follows : " In fact, the tempera- 
ture of the surface of the sun is far from being so elevated 
as that interior one of complete dissociation 1 just mentioned 
From M. Pouillet's measures of the actual intensity ^ 

> A tom borrowed from M. H, Sainte-Claire Deville. 
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solar radiation, Professor Thomson has found that the heat 
emitted is but from fifteen to forty-five times greater than 
that obtained in the furnaces of our locomotives. So that 
the superficial temperature will not enormously surpass that 
which we can produce in our laboratories, — a temperature, 
it is true, capable of producing the dissociation of a great 
number of substances, but which is still rcsfsted by the 
more stable compounds . 1 The comparison oT the light of 
the sun with that of our most powerful artificial light- 
sources corroborates this deduction. 

“It results from this that, if the molecular and atomic 
forces of cohesion and affinity cease to act in the interior 
of the mass, they conic into play on the surface, where, 
in a gaseous mixture of the most varied elements, the 
operations of these forces will give rise to precipitations 
Hcrschel), clouds (Wilson), non-gaseous particles capable 
of incandescence, of which our brilliant terrestrial flames 
offer so many examples . 2 Soon these particles, obeying 
the forces of gravity, will in falling regain the temperature 
of dissociation, and will be replaced in the superficial layer 
by ascending gaseous masses, which will act in the same 
manner. The general equilibrium, therefore, will be dis- 
turbed in the vertical direction only by an unceasing ex- 
change going on between the interior and the exterior — an 
exchange which was impossible in the preceding phase ; 
and as the interior mass thus placed in connection with the 
exterior is so enormous, we can conceive that the super- 
ficial radiation, fed incessantly by the vast reservoir of 
central heat, constitutes a phase of long duration and of 
^reat constancy. 

" Thus the formation of a photosphere — an apparent limit 
°f the sun— -is a simple consequence of cooling ; and as our 

I his question will be discussed in the sequel; it is sufficient to 
• l 1 ' ,lcr e that it is most probable that there is complete dissociation 
1 11 1 i'e sun's atmosphere. (Note added 1873.) 

l, 1 ‘'cmkal action in a gaseous mixture may be set tip in two ways ; 
l»> cooiinjr g the mixture is at the temperature of dissociation, and by 

‘ l ,f '“C mixture is at an ordinary temperature. 
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assumption applies to ail analogous bodies, the same phe- 
nomena must exist, or must have existed, in all the stars. 

“From this point of view the beautiful experiments of 
Arago and Kirchhotf are seen to be no longer contradic- 
t tory. The term incandescent gas was not used by Arago 
s in the sense attributed to it now. ' The flame he used was 
that of an ordinary gas jet. and not the obscure one of 
a Bunsen’s burner, or of a simple gas. Even the numerous 
savants who now admit, on the authority of a name justly 
illustrious, that the sun and the stars have liquid photo- 
spheres, have not perhaps considered that incandescent 
molecules diffused in a gaseous medium, itself heated to 
a high temperature, give a continuous spectrum, with the 
exception of the dark lines due to the absorption of 
the medium. 

“On the one hand, Arago's experiment conducts 
us to a correct conclusion, for light emitted from incan- 
descent particles floating singly in a gaseous medium 
can only be natural light, from whatever depth it comes, 
because it undergoes, at no incidence, sensible refraction 
by the surrounding medium. On the other hand, this 
medium exercises its absorptive powers, and determines 
in the continuous spectrum of the incandescent clouds the 
system of lines which belongs to its complex nature. 
Looking at it in this way. we can understand why the 
spectrum of the limb is identical with that of the centre (a 
fact first advanced by Forbes, and recently confirmed by 
Janssen after a much more detailed study ’), a result which 
would certainly not occur if a!) the black lines of the 
solar spectrum arose exclusively from the interposition 
of the gaseous strata of the general mediums swhfeh may 
extend beyond the photosphere to a height still unknown. 

“ The formation of the photosphere will now enable us 
to account for the spots and their movements, , We have 
seen that the successive layers are constantly traversed 
by vertical currents, both ascending and descending; I" 

' This point will be returned to. 
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this perpetual agitation we can readily imagine that 
:Aurf the ascending current becomes more intense, the lumi- 
nous matter of the photosphere is momentarily dissipated. 
Through this kind of unveiling it is not the solid cold 
and black nucleus of the sun that we shall perceive, but 
the internal ambient gaseous mass, of which the radiating 
power, at the temperature of the most vivid incandescence, 
is so feeble in comparison to that of the luminous cloud 
of the non-gascous particles, that the differences of these 
powers suffices to explain the contrast, so striking, of the 
two tones observed through our dark glasses.” 1 

M. Faye, after referring to a similar opinion held by 
1'ather Secchi, whose thermo-electric measures of the spots 
have shown that the nucleus of the spot radiates less 
heat than the photosphere, goes on : — 

“ But the most important phenomenon is assuredly 
that which has been so fully put in evidence by MM. 
Laugicr a»d Carrington. Let us follow the same course 
of reasoning. From the continual; exchange going on 
between the lower beds of the surface by means of 
vertical currents, we must conclude that the ordinary laws 
ol rotation in a fluid mass in a state of equilibrium 
are strangely altered, since this equilibrium is con- 
stantly disturbed in a vertical direction. The ascending 
masses, which spring from a great depth, arrive at the 
top with a linear velocity of rotation less than that of 
the surface, because the layers whence they are derived 
have a smaller radius. Hence a general lagging in the 
1 Is this in accordance with the received theory of radiation ? {Note 

•‘tided 1865.) ' 

I his note was added to the article as it originally appeared, as the 
oMih ol a conversation with my friend Dr. Jialfour Stewart. I am 
more anxious to state this, .is to him belongs the credit of the 
pji ciion although, as it was some time afterwards put forward by 
hholf, the latter is now credited with it, although it was noticed 
If ( omp/es Rendux, vol. Kiii. p. 335. 1 866. The idea is this 
of K , 1 '‘tenor solar gases are feeble radiators, then, on the theory 
( < N( " an 8 es . they must be feeble absorbers ; hence they will be in- 
* ipctent to absorb the light coming through the hypothetically 
•v -mous sun from the photosphere on the other side. (187,3.) 
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vhap. v. movement of the photosphere, although this lag is com- 
pensated for the whole mass by the descending currents 
in such a manner that the fundamental law of areas is 
satisfied. In the same way our own atmosphere does not 
exactly follow the law of rotation of a mass in equilibrium, 
but the effects are all different because it rests upon a 
solid (or liquid) surface. If the photosphere lags behind 
the general rotation, the lower beds should, by way of 
compensation, be Jn advance of this movement. From 
'v mr s this opposition flPresults that, although the photosphere 
curn%t*]„ will have a feeble tendency to approach the axis of rota- 
tion by flowing superficially towards the poles, the contrary 
tendency will be apparent in the lower strata, which will 
approach the equator. The phenomena will take place 
as if the start-points of the vertical currents belonged to 
an interior surface farther from the poles than from the 
equator ; and if this ideal surface of emission be sphe- 
roidal, for instance, its depth, and consequently the retarda- 
tion of the photosphere in successive zones, would vary 
nearly' as the sine squared of the latitude. Now this is 
exactly what Mr. Carrington’s empirical formula would 
give if the breach of continuity, to which M. Babinct has 
justly objected, were corrected by replacing the power ; 
of the sine, by l or 2. 1 I find, in fact, that the observa- 
tions are as well represented by the formula : — 

Daily motion — 862' — 186' sin */. 

** Here, however, facts cease to guide us ; the law of these 
variations is not really known. The variety of spots in 
the first 5° of the equatorial zone, and in the polar zone, 
which commences at 35", docs not permit dk'tO'i^^rminc 
at present the algebraical form of this variation Here, 
then, is the problem which Mr. Carrington lnuslicqueathcd 
to us, and which wc must at once attack with al *h c re- 
sources of science. It is to this part of the theory that 
will henceforth attach the distribution of spots, the ph e 
nomcna of their periodicity, and the slight difference of 
! < Rtmint, Sept. 12, 1804, 481. 
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temperature which seems to exiffc between the poles and chap. v. 
the equator 

“ As to the facukc — luminous ridges which invariably 
indicate the near formation of a spot — they are evidently 
due, like ike spots, to ascending currents. The photo- 
sphere is not a level surface in a mathematical sense; it is 
the limit to which the ascending currents transport, in the 
•reneral fluid mass, the physical or chemical phenomena of 
incandescence. But although the phenomenon, taken as 
a whole, affects a remarkable regularity ,%ince the brilliant 
surface appears to us perfectly spherical, we can imagine 
that a more than ordinary rapid local afflux may exceed 
this limit, and carry the luminous clouds 'a little above the FaatH 
funeral level. Hence the inequalities cited by Sir J. ^herthan 
I K rschel in his objections to Arago’s experiment — incquali- rounding 
ties confined, like the spots, to certain regions. From the 
fact alone that factilre are elevated to a greater height in the 
General medium, their movement ought to be somewhat 
slower than the corresponding zone of photosphere ; hence 
a tendency to appear to follow the spots — that is, to be 
to the left of them— than to incline over the spots when 
the impulse of the local current has ceased, and leaves 
the spots themselves to disappear in the rapid inrush 
of photospheric clouds.” 

We will here, before we print the summary of M. Faye’s 
memoir, give another extract from a paper recently read 
it the Royal Society. It will show that the most rigid 
reduction by De la Rue, Stewart, and Loewy, of the 
l> st observations that we possess, most of them taken by 
d>e sun himself, tends exactly to the results just stated 
hy M. Faye 

" I he authors next endeavoured to answer the follow- 
ln k f questions Is the photosphere of our luminary to be 
Vlc ' u 'd as composed of heavy solid or liquid matter, or is 

ot ^e nature either of a gas or cloud ? It was observed 
| W the great relative brightness of faculae near the limb 
onls to the belief that these masses exist at a high elc- 
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ration in the solar atmosphere, thereby escaping a great 
part of the absorptive influence which is particularly strong 
round the border; and this conclusion was confirmed by 
certain stereoscopic pictures produced by Mr. De la Rue. 
in which the (acute appeared greatly elevated. It was 
remarked that facuke often retained the same appearance 
for several days, as if their matter were capable of re- 
maining suspended for a time ; . . . . but of 1,137 <&scs, 
584 have their yfacute entirely or mostly on the left side, 
508 have it neaJ®^ equal on both sides, while only 45 have 
it mostly to the "right. It would thus appear as if the 
luminous* matter, being thrown up into a region of greater 
absolute velocity of rotation, fell behind to the left ; and 
we have thus reason to suppose that the faeulous matter 
which accompanies a spot is abstracted from that very 
portion of the sun’s surface which contains the spot, and 
which has in this manner been robbed of its luminosity. 

" Again, there are a good many cases in which a spot 
breaks up in the following manner : A bridge of luminous 
matter of the same apparent luminosity as the surround- 
ing photosphere, appears to cross the umbra of a spot 
unaccompanied by any penumbra. There is good reason 
to think that this bridge is above the spot; for were 
the umbra an opaque cloud, and the penumbra a semi- 
opaque cloud, both being above the sun’s photosphere, it is 
unlikely that the spot would break up in such a manner 
that the observer should not perceive some penumbra 
accompanying the luminous bridge. Finally, detached 
portions of luminous matter sometimes appear to. .move 
across a spot without producing any permanent alteration. 

From all this it was inferred that the lu^in€M|s c photo- 
sphere is not to be viewed as composed of he##y solid or 
liquid matter, but is rather of the nature either of a gas 
or cloud , and also that a spot is a phenomenon existing 
below the level of the sun’s photosphere. . • 

"The paper concluded with theoretical considerations 

more or less probable. Since the central or bottom p<i rt 
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ut a spot is much less luminous than the sun’s photo- 
sphere, it may perhaps be concluded that the spot is of a 

lower temperature than the photosphere 

“ Finally, the authors propose the following question : — 
Mav not the falling behind of faculae be the physical re- 
action of the proper motion of spots observed by Carring- 
ton, So that, while the current passing upwards falls behind, 
carrying the luminous matter with it, the current coming 
down moves forward, carrying the spot with it ; and may 
not this current coming from a colder rcgiommccount for the 
deficient luminosity zvhic/t characterizes a spot t" 1 

Here we have the fundamental point of difference between 
M. Faye and the Kew Observer^ We wiil, now^ give the 
conclusion of M. Fave'.s memoir, which gives a resume of 
the three middle phases of sun-life. 

(i ) The phase of complete dissociation (that of the plane- 
tary nebula; ?), in which the heat decreases from the centre 
to the circumference. This state is susceptible of a par- 
ticular equilibrium ; the radiating power is very feeble ; 
the light is purely superficial, since that of deep strata is 
capable of absorption by those at the surface. The spec- 
trum is probably reduced to a number of brilliant bands, 
separated by extensive dark intervals,*’ 

(-) Cooling of the external strata to such an extent that 
the action of certain molecular affinities becomes possible ; 
formation of a photosphere, a kind of superficial laboratory, 
which determines the apparent outline of the mass ; con- 
siderable radiating power of light and heat. The emitted 
fight comes from a considerable depth in the photosphere ; 
the spectrum of the preceding phase is inverted; the light 
>s not sensibly polarized at any angle of emergence. The 
enormous flux of heat from the photosphere is kept up at 
the expense of the whole mass, by the action of ascending 
■uk! descending currents, which are established between the 

It must not be forgotten that in his paper Favc considers a spot as 
w scat -of an iiprush. (1873.) 

. 1 It's looks like divination, if we suppose M. Faye to be ignorant 
it. Huggins’ discovery. 'Note added 1S65. 
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chap. v. lower strata and the periphery’ — currents impossible in the 
preceding phase. This second phase should occupy a con- 
siderable period of time, and present a great fixity in its 
phenomena. If the photosphere is locally wanting, the 
light and heat are reduced in that part in the ratio of the 
radiating power of the photosphere and the general gaseous 
medium. The movement of rotation is not executed 
exactly “ bodily," as in the preceding phase, in which the 
conditions of equilibrium were nearly those of a fluid mass : 
the surface. h$fr¥es more slowly than the entire mass, in 
'c^eqtK|et<|^e antagonism of the forces which disturb 
the eqiffi|lbrium.^ T|^ "superficial phenomena reveal the 
charact^qllthc tH^pattence. 

Fkau »n consequence of cooling, the vertical currents 

prectJtH; kg,™,, to decline, when the entire mass successively Contracts 
to a sufficient mean density, the photosphere becomes very 
thick, and takes at the surface a liquid or pasty, and finally 
a solid consistency. Then the communication with the 
central mass is intercepted ; the cooling of this mass is 
effected only in consequence of the conductibility of the 
liquids more or less pasty: that of the liquid or solid crust 
makes rapid progress at the superficies ; the rotation which 
has been accelerated is regulated, the phenomena of spots 
and facube have disappeared, and the figure is that of a 
fluid mass in equilibrium under the action of interior forces. 
The intensity of the radiation decrcase§ rapidly : that 
emitted obliquely is strongly polarized ; the preceding spec- 
trum does not change sensibly in appearance, but it also 
presents dark lines due to the real atmosphere, which is 
henceforward distinct from the body of the sun itself. The 
spectrum of the limb differs notably from that of the centre 
in the number and darkness of its lines. 

After this phase comes extinction : this is the geological 
phase. 1 

* This analysis of M. Faye's memoir is referred to by him * n ? 
subsequent communication to the Paris Academy ; Cotnpits RtH" llf > 
y*>I. Ik, p. 468, 



THE SUN AS A TYPE OF THE MA TERIAL 
UNIVERSE} 


It is not necessary for our preset fgyfpose odthafL that we 
should re-open the discussion as to the real disc Surfer of 
the solar spots, or that we should attempt to realize the 
strange and overwhelming mixture of wonder and awe, not 
to say delight and terror, with which the announcement 
must have been received. Man with a wondrous “ optick- 
tube " had at last dared to peer into the secrets of the sun, 
and had, all unconsciously, by so doing dealt a deathblow 
at the fundamental Aristotelian doctrine of the immuta- 
bility and incorruptibility of the heavens. The secret had 
been surprised ; the sun was no longer the exemplar of 
spotless purity. 

It is not astonishing, therefore, that whether we regard 
Galileo or Fabrjcius or Scheiner as the real discoverer, the 
secret was kept for many months before cither of them 
gave it to the world ; or that the latter, a Jesuit, was only 
permitted by his ecclesiastical superior — who, so runs the 
record, remarked *to him that he had read Aristotle’s 
writings from end to end many times without finding any 
mention of solar spots — to publish his discovery at last 
under a nom de plume. These facts tell as strongly as 
anything can do of the mixed emotions of those pioneers 

A j°'nt communication to Macmillan's Afa^asinc by the author 
itcro j Stewart, F.R.S., who has permitted mc'to include it 
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in the field of solar research. The secret divulged, how- 
ever, the Schoolman was soon merged in the investigator, 
and the problem was attacked with a closeness and ardour 
which are almost models for modern observers. Witness 
Galileo’s first letter to Wclser, the chief magistrate of 
Augsburg, dated May 4. 1612, and Scheiner’s last to the 
same personage, dated July 2 5, 1612, under the signature 
of A polios la tens post tabu lam. 

It would seem, indeed, that everything which could be 
reaped by the instruments at their command was -imme- 
diately garnered. The motion of the sjiots across the sun's 
disc from, east to we^t; the period in which they pelfermetl 
a complete Jeircuit ; their^hanges from day to day ; the 
fact that they appeared for the most part in two zones, one 
north, the other south of the equator, — are samples of the 
secrets which the sun was at once compelled to yield up. 
What the spots were not was a question amply and closely 
discussed both by Galileo and Schemer ; but as to what 
they uvrf, agreement was more difficult: Galileo at one 
time declared for clouds in an invisible atmosphere of tin. 
sun, Schemer for a density and opacity equal to that of the 
moon — in fact for planets separated from the sun's surface, 
and revolving round him like Mercury and Venus. 

From the time of, Galileo to 1769, or during nearly a 
century and a half, our knowledge was not increased by 
any new fact of importance, although in 1630 Schciner 
managed to write a book of 784 pages* on the work which 
had been done in the two decades which had then elapsed 
since the discover)'. It is true that Dciambrc has declared 
that there is not matter in this ponderous folio for fifty 
pages, but we hold that Delambrc’s dictum is. harsh to a 
degree, and that when he made it he had entirely left out 
of sight the conditions under which the book Had been 
written. 

In the year 1769 there was a very large spot visible up 011 

1 “ Kosa t'rsina, sive .Sol ex admirando facnlarum Ct macularuni 

suartim,” &x. 
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the sun, and Dr. Wilson, of Glasgow, observed it very chap. vi. 
carefully, and demonstrated subsequently 1 that the spot 
was a cavity — a conclusion which, although combated by 
I.alande at once, and by others in quite recent times, main- 
tained and still maintains its ground. He also showed that 
the surface of the sun was probably of a cloudy nature. 

Wilson, the author of the important observation to 
which we have just referred, was also the first to put 
forward an elaborate theory of the origin and nature of 
sun-spots which much influenced the subsequent work till 
quite recently. These theories, subsequently taken up by 
Bode and Sir William Herschel, possess, however, but an 
historical interest, and it is nopftrt of our present purpose 
to enlarge upon them. It must suffice to say that' they 
were based on the assumption that the sun itself was a 
habitable, cool, gladc-bcdcckt globe beneath the luminous 
atmosphere, and that the appearance of a sun-spot was 
due to a gaseous eruption breaking through the cloudy 
envelopes of the solid globe : while JLa Hire held that they 
were purely surface-phenomena, and Lalande, that they 
were actual elevations. 

* * • • • 

From the description of the telescopic appearance of the 
sun given in Chapter II., it is obvious that the surface of 
the sun is uneven, and that change of form is perpetually 
going on : these are conditions impossible in either a liquid 
or solid surface, such as land or ocean, but possible in a 
surface of cloud or gas. 

dlie cloud-like nature of the sun's surface follows, more- 
over, from the nature of the sun's light. This increase 
of our knowledge we owe to those immortal discoverers 
Kirchhoff and Bunsen, whose wonderful generalization of 
die results of spectrum analysis has given the present cen- 
*" r y a new fulcrum on which to move the great unknown 
'>' die lever of inquiry, and bring it into the light. 

1 “ Phil. Trans.," 1774. See ante, page io, 

F 
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chat. vi. Their beautiful discovery not only enables us to define 
the sun as the nearest star, and to detect some ten terres- 
trial elements as existing in a state of vapour in its sur- 
rounding, absorbing, and therefore cooler, atmosphere ; but 
it enables us to state, as a proved fact, that the light of the 
sun proceeds from solid or liquid* particles in a state of 
intense incandescence or glowing heat. 

We shall shortly have occasion to refer again to this 
method of research : the more recent work regarding the 
M eimi spots demands attention, however, beforehand in order 

' that we may follow as much as possible the order of time. 
It has already been stated that the early observers detected 
that theapparent motion of the spots was due to the real 
motion of rotation of the sun. But this account we now 
know is not all the truth. In addition to this apparent 
motion they have a real motion of their own of such a 
nature that the nearer a spot is to the sun’s equator the 
faster it travels ; in fact the rate of this proper motion de- 
pends upon the latitude bf the spot. This was one of the 
chief results deduced by Mr. Carrington from an elaborate 
daily investigation of the sun extending over six years,— a 
stupendous work, unsurpassed in the acumen and patience 
brought to the task, and rarely equalled in the results 
achieved. 

This discovery of the proper motion of the spots at once 
explained the strange discrepancies in the time of the sun's 
rotation as given by different observers, — discrepancies so 
great that Dclambrc declared it was useless to continue 
observations. 

Mr, Carrington's work did not stand alone about this 
time. The great Schwabe had previously determined that 
if the spotted area were taken at any one time, its amount 
varied from year to year, — that is, that the spots themselves 
were periodica) ; having periods of maximum and periods 
of minimum, the interval between two maximum or mine 

* Or densely gaseous, according to Frankland’s researches on 
hydrogen, and later work. (Note added 1873.) 
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muni periods being about eleven years. The lamented 
Dawes and Father Secchi largely increased our knowledge 
of the solar surface, the latter determining specially that 
there was less beat radiated from a spot than from the 
general surface. 

Some time ffter Mr. Carrington’s book appeared, M. 
I'aye took up'the question of solar physics with his usual 
elaborate treatment, and communicated to the Paris 
Academy of Sciences two papers of great value, in which, 
inter alia, he broached a new theory to account for the 
observed phenomena, and especially to explain the dark 
appearances presented by the spots. 

M. Faye regards the interior of the sun as consisting of 
the original nebula, from which our whole system has been 
slowly condensed, in a state of dissociation ; that is, at such 
an intense heat that chemical combinations are impossible ; 
and he looks upon the photosphere as the surface at which 
this heat is so acted upon by the fold q| space as to allow 
chemical combinations and solid and liquid particles to 
exist. He goes on to remark that, if the molecular and 
atomic forces of cohesion and affinity cease to act in the 
interior of the mass, they come into play on the surface , 1 
where, in a gaseous mixture of the most varied elements, 
the operations of these forces will give rise to precipitations 
(Herschel), clouds (Wilson), and non-gaseous particles 
capable of incandescence, of which our brilliant terrestrial 
flames offer so many examples. These particles, obeying 
the force of gravity, will, in falling, regain the tempera- 
ture of dissociation, and will be replaced in the superficial 
layer by ascending gaseous masses, which will act in the 
same manner. The general equilibrium, therefore, w’ill 
he disturbed in the vertical direction only by an un- 
ceasing exchange going on between the interior and the 
exterior. 

Having in this manner accounted for the photosphere 

' ! show in the sequel, from mv own researches, that this is 
luobahly no, the case. (.873-) 

» •' 2 
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and for the incessant change which is observed, M. Faye 
goes on as we translate him : — 

“ The formation of the photosphere will now enable us 
to account for the spots and their movements. We have 
seen that the successive layers are constantly traversed 
by vertical currents, both ascending and descending. In 
this perpetual agitation we can readily imagine that 
where the ascending current becomes more intense the 
luminous matter of the photosphere is momentarily dissi- 
pated. Through this kind of unveiling it is not the 
solid cold and black nucleus of the sun that we shall 
perceive, but the internal ambient, gaseous mass.” 

In this quotation we have the two most important points 
of M. Faye’s theory ; namely, that the spots are caused by 
an uprush, and that their dark appearance is due to feeble 
radiation from a gaseous surface. 

M. Faye also considers that the faculne, like the spots, 
are due to ascending currents, and he then attempts to 
account for the proper motion of the spots by the ascend- 
ing currents : — " From the continual changes going on 
between the lower beds of the surface by means of ver- 
tical currents, we must conclude that the ordinary laws 
of rotation in a fluid mass in a state of equilibrium are 
strangely altered, since this equilibrium ijg : constantly 
disturbed in a vertical direction. The ascending masses 
which spring from a great depth arrive at tho top with a 
lincai* velocity of rotation less than that of the surface, 
because the layers whence they are derived have a smaller 
radius. Hence a general lagging in the movement of the 
photosphere.*' 

These remarks of M. Faye will be found in the Cotnpus 
Rendus for 16th and 23d Jan. 1865.* During the sanw 
month, a paper i 2 was read at the Royal Society, in which 
certain results derived from the photographs taken a* 

i See also Chapters IV. and V. • _ . 

1 “ Researches on Solar Physics.” It y Warren De la Rue, 

Stewart, and IJ. Locwy (Proc. Royal Society, vol, xv. p. 37). 
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Kew, and certain theories based therefrom, were discussed, chap. vi. 
We limit ourselves to the two most typical passages in this 
paper:— 

“ Since the central or bottom part of a spot is much less 
luminous than the sun’s photosphere, it may perhaps be 
concluded that the spot is of a lower temperature than the 
photosphere. ... 

“ May not the falling behind of facuhe ” (ample evidence 
of which is given in the paper) “ be the physical reaction 
of the proper motion of spots observed by Carrington ? 
so that while the current passing upwards falls behind, 
carrying the luminous matter with it, the current coming 
down moves forward, carrying the spot with it; and 
may not this current coming from a colder region account 
for the deficient luminosity which characterizes a spot ?” 

We see at once that on these points there is a perfectly Difference 
clear issue between the two theories. M. Faye holds the 
spot to radiate feebly because it fs hotter — in fact because theory y and 
it unfolds to us the interior of the suit in a state of dis- 
sociation. #he Kew Observers hold that it is less lumi- obtentn. 
nous because it Is colder. Again, M. Faye holds that a 
spot is due ro an uprusli : the Kew Observers, that it is 
due to a downrush. 

At the f*|t$et there were many arguments against 
M. Faye’s* hypothesis. The law of exchanges was utterly 
against his? idea of the darkness of a spot, 1 for if it were 
the interior of the sun which we saw, and its radiation 
were feeble, then its absorption would have been equally 
feeble and the sun would be spotless ; for where the photo- 
sphere was torn away on the side nearest us, we should 
he able to see, through the sun, the lower surface of the 
photosphere on the opposite side. 

Again, the arguments in favour of an uprush, in the case 
ot h of spots and facul.x, are not very clear, nor have 
vve* a satisfactory explanation of the falling behind of the 
ac uke. But we had not long to wait for facts which, as 
•‘ice note on p . 57, and Comptes Rtndus, vol Jxiti. p. aj 4 » *866. 
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far as we can see, have entirely settled the question. First, 
as to the dovvnrush into a spot. In 1865 two observers—- 
one in France, the other in England — carefully observed 
the fine spots from time to time visible on the sun’s disc in 
that year ; and the observations of both tend to show the 
absolute certainty that if spots are not caused by down - 
rushes, they are, at all events, fed by them. 

Let us hear the French observer first : 1 “ La rapidite des 
changements est telle, que Ton peut suivre dans uae meme 
journee des courants des matieres photospheriques se 
precipitant dans 1c gouffre principal en y transportant les 
petites taches voisines ; celles-ci cn s'ajoutant k la grande, 
augmentent son ouverture et prouvent ainsi que la masse 
entiere de cette portion de 1’ecorcc solaire est transporter* 
par ce courant.” 

The evidence derived from a spot observed in the next 
month through London fog is not less conclusive. 1 The 
spot had a tongue of facula stretching half-way over it. 
When the observation commenced at 1 1.30 on April 2 , this 
tongue of facula was extremely brilliant ; by t o’clock it 
had become less brilliant than any portion of the pen- 
umbra : at the same time the faculous mass seemed to be 
giving out at its end, veiling the umbra gradually with a 
kind of stratus cloud evolved out of it, whichafter a time 
again condensed into masses resembling the wflJm^ieaves 
in the penumbra, only less distinct. ! $S-’** 

The argument for the downrush is to be found in the 
fact of the diminution of brightness ; accepting as proved, 
first, that the facula: are higher than the general surface, 
and, secondly, that a spot is a cavity. But it does not 
wholly depend upon this, for the masses or granulations on 
the general surface of the sun appear to lengthen out when 
they reach the penumbral region, as if they were acted 

1 M. Chacomac, “ Bulletin des Observations (sites b Ville-Urbanfle- 
Groupes des Taches Sofoires,” 6th March, 1865. , t ' 

* “ Observations of a Sun-Spot,’’ by the author {Monthly .'Ng**- 
of the Royal Astronomical Society, vol. xxv. p. 336). See otiif, PP- 
24 31. an<| CempUs Rttuitis, vol tx>. p. 397. 
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upon by a current, and this may also explain the constantly 
observed difference in the shape of the cloud masses on 
the general surface and in the penumbra. In this con- 
nection it is worthy of remark, that when a solitary willow- 
leaf is seen over the centre of a spot, 1 * * it is often observed 
to be nearly circular, as if its longer axis were tipped 
down. It is fair to add, however, that observations of the 
requisite delicacy can be very rarely made, owing to the 
many coincident conditions necessary. 

The fact that a spot is due to absorption has next to be 
considered. On M. Faye’s theory, as it will doubtless have 
already suggested itself to the reader, could a sun-spot 
be observed by means of a spectroscope, — as, by hypothesis , 
we have radiation from a gas in a state of dissociation, — the 
resulting spectrum would be a gaseous one; that is, it 
would consist of bright lines. We, in fact, should get from 
a spot a spectrum absolutely different from that which 
belongs to the light emitted from the general surface, 
the latter being a band of rich colour going from red 
through yellow, green, blue, indigo, to the intensest 
lavender, crossed by innumerable black lines of different 
intensity, the former consisting only of three or four thin 
bands of light, located in the green portion of the spectrum. 

On,tI*a- absorption-hypothesis there would be none of 
these bright lines ; we should get a spectrum in the par- 
ticular region of the spot similar to the average solar one, 
but showing evidence of greater absorption. This was put 
to the test in 1866. 8 

The method adopted was to apply a direct- vision spec- 
troscope to a 61 -inch equatorial, so that it was possible 
to observe at one time the spectra of the umbra of a spot 
and of the adjoining photosphere or penumbra. 

1 u t C P- 28. 

cmli ^ c l r ? sc °pic Observations of the Sun,” by the author (Pro* 

hirthefon ) * te S&eiety, vol .xv, jx 256;. (This is given fa tximst* 
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On turning the telescope and spectrum-apparatus, driven 
by clock-work, on to the sun, the solar spectrum was 
observed in the field of view of the spectroscope with its 
central portion (corresponding to the diameter of the umbra 
falling on the slit) greatly enfeebled in brilliancy. 

All the absorption-bands visible in the spectrum of the 
photosphere, above and below, were visible in the spectrum 
of the spot ; but they appeared thicker where they crossed the 
spot-spectrum } There was not the slightest indication of 
any bright bands. 

The dispersive power of the spectroscope employed was 
not sufficient to enable it to be determined whether the 
decreased brilliancy of the spot-spectrum was due in any 
measure to a greater number of bands of absorption. 

The Royal Society at once recognized the importance 
of this discovery, although it was put forward with much 
hesitation, as the instrument employed was not of sufficient 
dispersive power, and the spot itself was not a very favour- 
able one for the experiment. A larger instrument has 
now been constructed, and detailed observations are now 
about to be commenced under the auspices of that body. 
In the meantime, however, this settlement of the long- 
debated question has recently been entirely endorsed by 
Mr. Huggins, whose discovery of the physical constitution 
of ‘nebula;, and spectroscopic observations of'' the fixed 
stars, make his opinion of the greatest possible weight. 

We have thus, as briefly as possible, traced up our 
knowledge of the sun's surface from the times of Galileo 
to our iffwn. That surface, we have learnt, is of a cloudy 
nature, the light and heat being derived from the solid 
incandescent particles of which the clouds are composed. 
Further, there are exchanges perpetually going on between 
the cooler exterior and the interior. The descending 
current is accompanied by a spot, the ascending one by a 

* A diagram of the appearance observed when more dispersion i* 
used than I then employed is given further on. 
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facula ; and finally, the dark appearance of a spot, like the chap. vi. 
darkening of the limb, is clue to the absorptive properties 
of the sun’s atmosphere. 

Let us, for one moment, compare the sun’s envelope 
with our own, and observe the action of the latter when 
the sun is withdrawn. 

The general surface of the ground is a good radiator. 

On the other hand, the atmosphere is at once a feeble 
absorbent and a feeble radiator. When the sun’s influence 
is withdrawn from the earth’s surface, and the sky is clear, 
the general surface of the ground and the leaves of plants 
give off their heat, which is radiated into space unimpeded 
by the very feeble absorbing power of the air ; on the 
other hand, the air, being a feeble radiator, gives back 
little or notlrng in return. 

As far as radiation is concerned, therefore, the ground Analogy 
and leaves get rapidly cooler, nor is this loss of heat made stfar^nf 
up by any other process. Little or no heat can reach the terrestnai 
cooled surface by conduction, for ground, leaves and air r: pt!-no- 
are bad conductors. Further, convection does not operate, mam. 
for the particles of air next the cooled surface becoming 
cooler themselves become also heavier, and remain where 
they are,. There is, therefore, no hindrance to the cooling of 
the earth’s suflace, which in its turn cools the air in contact 
with it until the air has reached so low a temperature that 
it cannot longer retain all its vapour. Tajt of the vapour 
is, therefore, deposited as moisture *(ot*hoar frost if the 
temperature be below freezing-point), on the sur&ce of the 
ground and the leaves of plants; and this is tl^itixpla- 
nation of dew and hoar frost, which we get whlett there 
is free exposure to the open sky. If there be cloq4» a 
glass frame, matting, or any obstacle in the shape of a 
good radiator, interposed between the body and the sky, 
there will be no deposition of dew, because a quantity 
. w ‘ll be derived from the radiator which has been 
•nterposed. Heat will therefore be lost very slowly, and 
moisture will not be deposited. It must be borne in mind 
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chap. vt. that the presence of cloud makes an essential difference 
We may suppose something equivalent to the deposition 
of dew, or at all events great radiation, to be taking place 
on the ufifier surface of the cloud, not under the cloud. The 
heat of the bodies is retained in the latter region, the 
radiation being diminished, or rather compensated, by 
counter-radiation. It may be instructive to place ourselves 
in imagination above the surface of such a cloud, the sun 
being withdrawn; and consider for a moment what probably 
takes ptace. The small deposited particles, being great 
radiators, will rapidly get colder than the surroundingair ; 
they will, at the same time, cool the air around them ; 
and the air, being cooled, and thereby rendered heavier, will 
Cirtula - descend. There will thus be descending currents of air. 
faJiaUng ^ ut descending convection currents are naturally accom- 
gaitvHs panted with ascending ones. There will therefore beascend- 
motsa. fag currents, conveying upwards some of the comparatively 
warm air from below. It is not impossible that such 
currents may assume in nature somewhat large dimensions, 
and that the cloud may therefore present to a beholder re- 
garding it from a great distance above, an i 
notched shape ; in fact, exactly such an 
see on the sun, the envelope of which, 
magna, may resemble in its mechanism 
like our own with its sun withdrawn. 

So far we hajre only referred to the phenomenon ordi- 
narily^ visible to us. Another part of the sun's physical 
constitution is rendered visible during total eclipses. We 
allude to the nature of its atmosphere. Eclipse-teachings, 
therefore, are of high value ; but they certainly are not 
of such high value as ordinary observations of its surface, 
although they are in their nature much more sensational, 
for a total eclipse of the sun is at once one of the 
grandest and most awe-inspiring sights it is possible for 
man to witness. All nature conspires to make it strange 
and unearthly. 


Eclipse 

phene- 

Mena* 
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m**. vj. Soon the stars burst out; and surrounding the,; dark 
~ ~~ moon on all sides is seen a glorious halo, generally of a 
silver-white light : this is called the corona. It is slightly 
radiated fn structure, and extends sometimes beyond the 
moon to a distance equal to her diameter. Besides this, 
rays of light, called aigrettes, diverge from the moon’s edge, 
and appear to be shining through the light of the corona. 
In some eclipses parts of the corona have reached to a much 
greater distance from the moon’s edge than in others. 

Tht It is supposed that the corona is the sun’s atmosphere, 
w hich is not seen when the sun itself is visible, owing to 
the overpowering light of the latter. 

When the totality has commenced, apparently dose to 
the edge of the moon, and therefore within the corona, are 
observed fantastically-shaped masses, full lake-red, fading 
anj into rose-pink, variously called red-flames and red-promi- 
nences. Two of the most remarkable of these .hitherto 
noticed were observed in the eclipse of 1851. 

It has been definitely established by the exquisite eclipse 
photographs of Do la Rue and Secchi, that these promi- 
nences belong to the sun, as those at first visible on the 
eastern side are gradually obscured by the moyn, while 
those on the western are becoming mote yisi&ei lowing 
to the moon’s motion from west to east < 5 ver fifi'jspn. The 
height of some of them above the sun's 
of 70,000 miles. 

HMr The {date on the previous page, of various solar eclipses, 
me^niinde. ma y spire to give an idea, at the best a poor one, of 
the' r^a&aordinary appearances which are then seen sur- 
rouwlittg the dark moon. Thus, Fig. 1 represents the 
ordinary phenomena of an annular eclipse ; Fig. 2, the 
annular eclipse of 15 th May, 1836, showing BailyVbeads ; 
Fig. 3, the total eclipse of 28th July, t8$i, as sketched by 
Dawes; Fig. 4, the total eclipse of 7th September, 1858. 
as observed by Liais ; Fig. 5, the total eclipse of 18th July. 
i860, according to Fcilezsch ; and lastly, 
cif 8th July, 184a Wt ?;• ' 
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It is not yet known what these strange red prominences 
are ; but while we write, astronomers are trooping to India 
to settle the question at the coming total eclipse. England, 
France, Prussia, and other European states will be repre- 
sented, while- — a happy evidence of the soone? or later 
prevalence of truth — the successor of Galileo’s persecutor 
will be represented by one of the most accomplished 
astronomers of modern times — Father Secchi, a Jesuit, 
who, we trust, will be among the foremost to crown the 
edifice of which Galileo laid the foundation-stone ; 1 for, 
in fact, a knowledge of the nature of the red prominences 
seems now to be the only thing wanting to complete a 
sketch of the visible solar phenomena apart from their 
causes. Of course there is much detailed drawing to be 
added afterwards. 

But, even at present, we are in a position to imagine 
what the real nature of the prominences may be. 

1 n the first place, a diligent spectroscope sweeping round 
the edge of the sun hasfpot revealed any bright lines. 2 
This is strong negative evidence that they are not masses 
of incandescent vapour or gas ; for as the light from such 
vapour or gas is almost monochromatic, it should be as easy 
to detect as that of the immeasurably distant nebulae. 

Secondly, we' kpow that the atmosphere of the sun is 
colder than' the photosphere, and that in the latter we 
have incandescent particles of solid matter. As the pro- 
minences are possibly not due to incandescent vapour, the 

i Father Sccchi, however, did not go. (1S73.) 

! On this point it must be here remarked, that, until the experi- 
ments here referred to were made, it was the settled conviction both 
01 lj r. Stewart and myself, that the prominences were masses of gtow- 
in 2 ;v>s. Some of the reasons for tins opinion will be found in a 
communication by Dr. Stewart to the Philosophical Magazine in 1862 
vm. xxiv. p. 305), three years before the experiments were made, 
Utiu is occur upon the surface : for instance, their great actinic power, 
Cl, mhincd with their colour, which could only point to a something 
with lines at both ends of the spectrum; their shapes and appearances; 
•md their position above the mobile region of the spot level. See my 
oimmunications to the Royal Society in 1S66 and 1868, which will 
)c « lvcn afterwards. (Note added 1873.) 
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chap. vr. question remains whether they may be attributable to sub- 
incandescent particles of solid matter at a red glowing 
heat only, suspended in the atmosphere : in fact, whether 
the particles in the photosphere itself may not be likened 
to a white-hot poker, and those in the atmosphere to 
merely a red-hot one. 

In the previous part of this article, attention has been 
directed solely to the immediate cause of a sun-spot ; and 
an attempt has been made to show that a downrush of 
comparatively cold atmosphere from above, accompanied 
with an uprush of warm atmosphere from below, is the 
only sufficient explanation of tire phenomena observed. 
It has also been shown, as the result of a careful scrutiny 
of the whole surface of the sun, that there are t probably 
convection currents in constant operation .atl'Over the disc 
— a condition of things which we might expect from the 
intensely hot state of the sun's surface combined with 
the enormous gravity of matter there placed. A sun-spot 
may thus not improbably be regarded as an enormous 
development under exceptional circumstances of what 
is constantly occurring ail over the sun’s surface. This 
remark brings us a step further in our inquiry by suggest- 
ing the question. What are the exceptional circumstances 
that cause the ordinary convection currents of the sun’s 
surface to develop themselves occasionally into sun-spots ? 
This inquiry may be rendered more general by dismissing 
from the mind all idea of the nature of sun-spots : it is 
not essential to know what they are, whether convection 
currents or something else. The question now is not what 
is their nature, but what is their cause, or rather, in the 
present state of our ignorance, are they connected with 
any other phenomena that may serve to throw light upon 
their cause? This inquiry divides itself into the foi> r 
following heads : — 

i. Does the amount of spotted surface of the sun vary 
from time to time ? 




2 . Is the region of outbreak of a spot confined to any 
particular part of the sun’s disc ? 

3. When a spot is formed, does it obey any laws with 
regard to increase and diminution ? 

4. And finally, are spots connected with any other 
phenomena on the earth’s surface or elsewhere ? , 

The remainder of the article will consist of an attempt 
to answer these four questions. 

Now, in the first place, as has been already noticed, the 
amount of spotted surface has a ten-yearly period. This 
has been discovered through the labours of the veteran 
astronomer Hofrath Schwabe, of Dessau, who has now 
for about forty years' been engaged without intermission 
in registering the number of spots which appear on the 
sun’s surface. 

Herr Sdnvabe has found as the result of his labours, 
that in the year, 1828 there were 225 groups, against 161 
groups in 1827, and 199 in 1S29; the year 1828 was 
therefore a year of maximum. After this the number of 
groups gradually decreased until in 1833 there were only 
33 new' groups observed. After this year they began again 
to increase, and in 1837 they attained another maximum. 
The next year of maximum was 1848, and the next after 
it 1859. We may therefore expect another in the course 
of a few years; indeed at the present moment the number 
of spots is increasing. We are still ignorant of the ulti- 
mate cause of this periodicity, but independent observa- 
tions by the Kcw Observers, 1 and by Hofrath Sclnvabe, 
lead to the impression that in years of minimum there 
|s a less amount of cold-absorbing atmosphere above the 
photosphere, and consequently a smaller tendency to the 
downrush of cold matter in large quantity. The obser- 
vations above referred to seem to indicate for years of 
n 'minuun a more uniform brightness of the sun’s surface, 
“ 'that is to say, a less amount of absorption or falling off 

1 , , Researches on Solar Physics.” 1st and 2d Scries. By Messrs. 

c Rue, Stewart, and Loony. 


79 


CHA1*. VI, 


perk'd o f 
ten years. 


Absorbing 
atmcffhc e 
less in the 
tninintntci 
period. 



SOLAR PHYSICS. 


80 


"ei iAr. vi. towards the limb, a phenomenon which, it has been already 
shown, depends upon the, amount of cold-absorbing atmo- 
sphere above the region of light. 

We pass on to the second question, as to the region of 
outbreak of a spot. 

This question has been answered in an admirable 
manner by Carrington, who showed in a complete dis- 
cussion of all the spots extending from 1854 to i860, that, 
generally speaking, the region of outbreak of spots is the 
spot souos. equatorial zone of the sun. At certain periods, however, 
he has shown that the zone is very closely confined to 
the equator, though at other periods it opens out. Such 
an opening out began about September 1856, at which 
epoch the generality of spots were for the most part found 
at a latitude of 30° either north or south *©£ the solar 
equator. After this they gradually narrow^i^ife^ towards 
the equator. The date of the next wWefiingout cannot 
be given until the Kew records are reduq^lj But it is 
believed that at the present moment, or very recently, 
there has been a similar phenomenon. Thus while, gene- 
rally speaking, spots attach themselves to the equatorial 
region of the sun, they are nevertheless inconstant in their 
attachment; and just as we have a small ripple proceeding 
on the back of a large wave, so we have minor periods 
of opening out proceeding on the back of the large period 
described by Carrington. The Kew Observers hdve very 
recently described a smaller period of this kind, of four 
months as nearly as possible. 

So much for the solar latitude of sun-spots, and now 
one word with regard to solar longitude. If the sun could 
be sliced like an orange from pole to pole by sections 
of longitude, it is conceivable that one of these sections 
might be found to be composed of a different material 
from the others, more favourable to the development of 
spots. As a matter of fact, however, we have no reason 
for supposing this ; and we believe that the conclusion 
come to by Carrington as the result of his researches is, 
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that there seems to be no continuous preference given 
to one solar longitude over another as far as regards the 
outbreak of spots. But this leads us on to the next 
question, as to the behaviour of a spot when once formed, 
with regard to increase and diminution. 

Now, while it may with much probability be asserted, 
that no continuous preference is shown to one solar longi- 
tude over another as regards the outbreak of spots, yet 
the longitudinal portion at which a spot breaks out, and 
its behaviour after it has made its appearance, are never- 
theless not accidentally determined. It is an astound- 
ing but apparently well-proved fact, that the birth and 
behaviour of spots ar£ regulated by the position of the 
planetary bodies, so that we may cast the horoscope of a 
sun-spot wUh*$pme approach to truth. In order to obtain 
grounds fointnis conclusion, the Kew Observers have labo- 
riously Pleasured the area of all the sun-spots observed by 
Carrington fcrtfm 1854 to fB6o, and they find, as the result 
of their inquiries, that a spot has a tendency to break 
out at that portion of the sun which is nearest to the 
planet Venus. As the sun rotates, carrying the newly- 
born spot further away from this planet, the spot grows 
larger, attaining its maximum at the point furthest from 
Venus, and decreasing again on its approaching this planet. 
We here speak of Venus, as it appears to be the most 
influential of all the planets in this respect. Jupiter ap- 
pears also to have much influence; and, more recently, it 
lias been shown that Mercury has an influence of the same 
nature, although more difficult to discuss on account of his 
rapid motion. 

Should therefore any two of these planets — or, still 
better, should all three — be acting together at the same 
place upon the sun, we may expect a very large amount of 
spots, which will attain their maximum at that portion of 
tl’ e sun most remote from these planets. When we say 
that very good evidence has been shown for this statement, 
We mca n thaj.it would have been reckoned conclusive had 
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the statement been of a less wonderful character ; and, as 
this conclusion is not less important than wonderful, we trust 
that these researches, which are being prosecuted under the 
auspices of the Royal Society, will be continued until the 
last remnant of doubt is removed from the mind of the 
most sceptical. 

Finally, are spots connected with any other phenomena 
on the earth’s* surface or elsewhere ? For an answer to 
this question we are mainly indebted to the labours of 
General Sabine, the present distinguished President of the 
Royal Society. General Sabine has shown, as the result 
of laborious and long-continued observations in various 
parts of the globe, that there are occasional disturbances 
in the magnetic state of the earth, and that these dis- 
turbances have a periodical variation coincidiijg in period 
and epoch with the variation in frequency and magnitude 
of the solar spots as observed by Schwabe P aftd* the 
same philosopher has given us' reason to conclude that 
there is a similar coincidence between the outburst of solar 
spots and of the Aurora Borealis. 

Very recently, also, Mr. Baxendell, of Manchester, has 
published some observations from which we may, perhaps, 
conclude that the direct heat of the sun’s rays varies 
with the state of the sun’s surface. These observations 
require confirmation, but they bear out the idea that at 
these periods there is a greater amount of cold-absorbing 
atmosphere above the sun’s photosphere ; that is to say, 
the photosphere is further down or nearer the sun’s 
centre, and hence we may suppose of a somewhat higher 
temperature than when it is further up. Under this 
heading it may be stated that we believe Hofrath 
Schwabc conjectures the possibility of a periodicity in the 
appearance of the planet Jupiter, coinciding with the 
period of spot-frequency. This, however, is not y et 
proved . 1 

1 Wc shall subsequently show that terrestrial rainfall and cyclones 
are intimately connected with sun-spots. kJ 
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We now give the following extract from the conclud- 
ing remarks of the Kew Observers in their paper on 
Planetary Influence: — ^ 

“The following question may occur to our readers: — 
How is it possible that a planet so far from the sun as 
Venus or Jupiter can cause mechanical changes so vast as 
those which sun-spots exhibit ? We would reply in the 
following terms to this objection : — 

“We do not of course imagine that we have as yet 
determined the nature of the influence exerted by these 
planets on the sun ; but we would nevertheless refer to 
an opinion expressed by Professor Tait, that the properties 
of a body, especially ’those with respect to heat and light, 
may be influenced by the neighbourhood of a large body. 
Now an influence of this kind would naturally be most 
powerful upon a body such as the sun, which possesses 
a very high temperature, just as a poker thrust into a 
hot furnace will create a greater disturbance of the heat 
than if thrust into a chamber very little hotter than itself. 

The molecular state of the sun, just as that of 

the cannon or of fulminating powder, may be externally 
sensitive to impressions from without, — indeed, we have 
independent grounds for supposing that such is the case. 
We may infer from certain experiments, especially those 
of Caigniard de Latour, that at a very high temperature 
and under a very great pressure the latent heat of vapo- 
rization is very small, so that a comparatively small amount 
°f heat will cause a considerable mass of liquid to assume 
the gaseous form, and vice versd. We may thus very 
well suppose that an extremely small withdrawal of heat 
from the sun might cause a copious condensation ; and 
this change of molecular state would, of course, by means 
°f altered reflection, &c. alter to a considerable extent the 
distribution over the various particles of the sun’s surface 
°f an enormous quantity of heat, and great mechanical 
changes might very easily result.” 

The speculative outcome of the investigation described 

G 2 
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chap. vi. in the latter part of this article may be briefly stated as 

delicacy of construc- 
o an inferior extent, 
in the various planets ; and' the bond between the sun 
intimate and the various members of our system appears to be a 
’exi-tin* more int« ma te one than has hitherto been imagined. The 
between tAe result of all this will be that a disturbance from without is 
'/la nets ver T eas *h communicated to our luminary , and that when it 

takes place it communicates a thrill to the very extremities of 
the system. 

In a future article the principle of delicacy of con- 
struction will be dwelt upon at greater length, more 
especially with reference to the Place of Life in a Universe 
of Energy. 


follows: — 

There seems to be greafmolpcular 
tion in the sun, and probably -also, t 



THE PLACE OF LIFE IN A UNIVERSE 
OF ENERGY.' 


THERE is often a striking likeness between principles which 
nevertheless belong to very different departments of 
knowledge. Each branch of the tree of knowledge bears 
its own precious fruit, and yet there is a unity in this 
variety — a community of type that prevails throughout. 
Nor is this resemblance a merely fanciful one, or one which 
the mind conjures up for its own amusement ; while it has 
produced a very plentiful crop of analogies, allegories, 
parables, and proverbs, not always of the best kind, yet 
parables and proverbs are or ought to be not fictions but 
truths. 

We shall venture to begin this article by instituting an 
analogy between the social and the physical world, in the 
hope that those more familiar with the former than with 
the latter may be led to clearly perceive what is meant by 
the word ENERGY in a strictly physical sense. Energy in 
the social world is well understood. When a man pursues 
bis course undaunted by opposition, unappalled by obsta- 
c b-‘ s ) he is said to be a very energetic man. By his energy, 
Wc mean the power which he possesses of overcoming 
obstacles ; and the amount of his energy is measured by 
tbe amount of obstacles which he can overcome, by the 

ai ' 'V joint communication to Macmillan's Magazine by the author 
| ’ c Dr. Italfour Stewart, F.R.S., who has permitted me to include 
11 neve.- J. N. L. 
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|| chap. vii. amount of work which he can do. Such a man may in 
' truth be regarded as a social canribn-ball. By means of 
his energy of character he will scatter tlie ranks of his 
opponents and demolish their ramparts. Nevertheless 
such a man will sometimes be defeated by an opponent 
who does not possess a tithe of his personal energy. Now, 
why is tli is ? The reason is that, although his opponent 
may be deficient in personal energy, yet he may possess 
Entr& tf more than an equivalent in the high position which he 
posiiuH. 0CCU pj eS) an( j ^ j s simply this position that enables him to 
combat successfully with a man of much greater personal 
energy than himself. If two men throw stones at one 
another, one of whom stands on the top of a house and 
the other at the bottom, the man at the top of the house 
has evidently the advantage. 

So in like manner, if two men of equal personal energy 
contend together, the one who 'has the highest social posi- 
tion has the best chance of succeeding. 

But this high position means energy under another form. 
It means that at some remote period a vast amount of 
personal energy was expended in raising the family into 
this high position. The founder of the family had doubt- 
less greater energy than his fellow-men, and spent it in 
raising himself and his family into a position of advantage. 
The personal element may have long since vanished from 
the family, but it has been transmuted into something else, 
and it enables the present representative to accomplish a 
great deal, owing solely to the high position which he has 
acquired through the efforts of another. We thus see that 
in the social world we have what may be justly called two 
kinds of energy, namely — 

1. Actual or personal energy. 

2. Energy derived from position. 

Let us now turn to the physical world. In this as in the 
social world, it is difficult to ascend. The force of gravity 
may be compared to that force which keeps a man down 
in the world. * 
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If a stone be shot upwards with great velocity, it may be chap. vu. 
said to have in it a great deal of actual energy, because it 
lias the power of overcoming the obstacle interposed by 
gravity to its ascent, just as a man of great energy has the 
power of overcoming obstacles. 

This stone as it continues to mount upwards will do so 
with a gradually decreasing velocity, until at the summit of 
its flight all the actual energy with which it started has 
been spent in raising it against the force of gravity to this 
elevated position. It is now moving with no velocity, and 
may be supposed to be caught and lodged upon the top 
of a house. 

Here, then, it rests, without the slightest tendency to 
move, and we naturally inquire, What has become of the 
energy with which it began its flight ? Has this energy 
disappeared from the universe without leaving behind it 
any equivalent ? Is it lost for ever, and utterly wasted ? 

Far from it ; the actual energy with which the stone began Energy is 
its flight has no more disappeared from the universe of 
energy than the carbon which we burn in our fire dis- form. 
appears from the universe of matter. 

It has only changed its form and disappeared as energy 
of actual motion in gaining for the stone a position of 
advantage with respect to the force of gravity. - 

Thus it is seen that during the upward flight of the 
stone its energy of actual motion has gradually become 
changed into energy of position, and the reverse will take 
place during its downward flight, if we now suppose it 
dislodged from the top of the house. In this latter case 
the energy of position with which it begins its downward 
flight is gradually converted into energy of actual motion, 
until at last, when it once more reaches the ground, it 
has the same amount of velocity, and therefore of actual 
energy, which it had at first. 

I hus we have also in the physical world two kinds of 
energy; j n the first place we have that of actual motion, 
and in the next we have that of position. We see from 
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chap. vii. this how intimate is the analogy between the social and 
the physical worlds as regards energy, the only difference 
being that, while in the former it is impossible to measure 
energy with exactness, in the latter we can gauge it with 
the utmost precision, for it means the power of performing 
work, and work (it is needless to mention in this mechani- 
cal age) is capable of very accurate measurement. 

There are several varieties of energy in the universe, and, 
Proteus-like, it is always changing its form. Had it not 
been for this habit, we should have understood it long 
since, but it was only when its endeavours to escape from 
the grasp of the experimentalist were of no avail, that 
it ceased its struggles and told us the truth. 

Forms »/ All of these varieties may, however, be embraced under 
""•'.O'- the two heads already mentioned, — namely, energy of 
actual motion and energy of position. 
m A railway train, a meteor, a mountain torrent, represent 
Energy of energy of motion, but there is also invisible molecular 
motion. mo ti on which does not the less exist because it is invisible. 

Such for example is heat, for we have reason to believe 
that the particles of hot bodies are in very violent motion. 
A ray of light is another example of energy of motion, and 
so likewise a current of electricity ; and if we associate 
the latter with a flash of lightning, it ought to be remem- 
bered that the flash is due to particles of air that have 
been intensely heated by electricity becoming changed 
into heat. Electricity in motion is pre-eminently a silent 
energy, and it is only when changed into something else 
that its character becomes violent. 

Energy of Then, again, as representing energy of position we may 
fioutwn. ; nstance our s tone at the top of the house, or a head of 
water, both of which derive their energy from their advan- 
tageous position with respect to gravity. 

But there are other fprees besides gravity* Thus a 
watch newly wound up in a condition of visible advan- 
tage with respect to the force of the main-spring, and as it 
continues to go it gradually loses this energy of position. 
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converting it into energy of motion. A cross-bow bent is 
likewise in a position *of advantage with respect to the 
spring of the bow ; and when its bolt is discharged, this 
energy of position is converted*into energy of motion. 

Besides this, there are invisible forms of energy of 
position. When we tear asunder a stone from the earth, 
and lodge the former on the top of a house, we obtain 
visible energy of position, the force against which we act 
being gravity. But we may also tear asunder from each 
other the component atoms of some chemical compound, 
our act here being performed against the very powerful 
force called chemical affinity. 

Thus, taking a particle of carbonic acid, we may tear 
asunder the oxygen from the carbon, and, if our scale of 
operations be sufficiently great, we shall obtain separate 
from each other one mass of carbon and another of oxygen, 
— not, however, without the expenditure of a very large 
amount of energy in producing this separation. 

We have, however, obtained a convenient form of energy 
of position as the result of our labours, which we may 
keep in store for any length of time, and finally, by allow- 
ing the carbon and oxygen to reunite, — that is to say, by 
burning the carbon, — we may recover in the shape of heat 
and light the energy which we originally expended in 
lorcing these bodies asunder. 

Some of the most prominent varieties of energy of 
motion and of position have now been described, and the 
remarks made have induced the belief that this thing % 
energy, this capacity which exists in matter for performing 
work of one kind or another, is by no means a fluctuating 
element of our universe, but has a reality and a perma- 
nence comparable to that which we associate with an atom 
of matter. 

rhe grand principle of the conservation of energy, a 
principle lately proved by Dr. J oule, 1 asserts that energy. 

We ought not to omit the names of W. R. Grove and Mayer in 
Connection with this generalization. 
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like ordinary matter, is incapable of being either created 
or destroyed. We will endeavour to give two examples 
in illustration of this great law, which is worthy of the 
highest attention. 

Let us first ask, with Rumford and Davy, When a 
hammer has struck an anvil, what becomes of the energy 
of the blow ? or when a railway train in motion has been 
stopped by Hie brake, what becomes of the energy of the 
train ? A proper understanding of what here takes place 
will very much conduce to a clear conception of the laws 
of energy. 

Unouestionably in both these instances energy seems to 
have disappeared — to have vanished, at least, from that 
category which embraces visible energy, and we are taught 
to ask if the disappearance means annihilation or only a 
change of form. Let us examine what other phenomena 
accompany this seeming disappearance. It is well known 
that an anvil or piece of metal repeatedly struck by a 
hammer becomes hot, nay, even red hot, if the process be 
continued long enough. It is also known that when a 
railway train is stopped there is much friction at the brake- 
wheel, from which on a dark night sparks may be seen to 
issue We may add to these the experiment of Davy, in 
which two pieces of ice are melted by being rubbed against 
each other. The concomitants of percussion and friction 
are thus seen to be in the first place an apparent destruction 
of energy, and in the second the apparent generation of 
Jfeat ; and this mere juxtaposition of the two phenomena 
is quite enough to suggest that in this case mechanical 
energy is changed into heat. 

The second example to be mentioned in illustration of 
the laws of energy is the origin of coal or wood. Coal or 
wood, as we all know, is a very concentrated and convenient 
form of energy. We can bring a great deal of heat out of 
it, or we can make it do a great deal of mechanical work. 

Now as wood grows, from whence does the wood derive 
its energy ? We are entitled to ask this just as fairly 
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from what source it derives its particles. The wood, we 
answer, derives its energy from the sun’s rays. Part of 
these rays is spent in decomposing carbonic acid in the 
leaves of plants, ejecting the oxygen (one of the products 
of this decomposition) into the air, but retaining the carbon 
in the leaf, and ultimately building up the woody fibre 
from this very carbon. 

Nothing for nothing in these regions. The sun’s energy 
is spent in producing the wood or coal, and the energy of 
the wood or coal is spent (far from economically, it is to 
be regretted) in warming our houses and in driving our 
engines. 

These two illustrations will tend to impress upon the 
minds of our readers the truth of the grand principle of 
the conservation of energy. 

The principle now described has reference, 'however, 
merely to quantity, and asserts that in all the various 
transmutations of energy there is no such thing as creation 
or annihilation. An additional principle discovered by Sir 
W. Thomson, and named by him the “dissipation of 
energy,” refers to quality. And here also-there is a striking 
analogy between the social and the physical world ; for as 
in the social world there are forms of energy conducing to 
no useful result, so likewise in the physical world there 
are degraded forms of energy from which we can derive 
no benefit. And as in the social world a man may degrade 
his energy, so also in the physical world may energy be 
degraded ; in both worlds, when degradation is once 
accomplished, a complete recovery would appear to be 
impossible, unless energy of a superior form be commu- 
nicated from without. 

The best representative of superior energy is mechanical 
effect. Another is heat of high temperature, or the means 
°f producing this in the shape of fuel. 

I he niechanical energy of a machine in motion may 
Uot °nly give us useful work, but, if we choose, we can 
transmute it either directly or indirectly into all other 
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cHAr. vu. forms of energy. Again, high-temperature heat is another 
very useful form of energy, and by means of the steani- 
• engine it may be converted into mechanical effect. On the 
other hand, when heat is equally diffused or spread about, 
it represents the most degraded and worthless of all forms 
of energy. Nothing of value can be accomplished by its 
means. Tlius, for instance, there is abundance of heat 
spread throughout the walls of the chamber in which we 
now write, but not a particle of all this can be converted 
into useful mechanical effect. 

Long before any of these laws were known the supe- 
riority of certain kinds of energy was instinctively recog- 
nized ; and desperate, but of course futile, efforts have 
ever, and anon been made by enthusiastic visionaries to 
procure a perpetual motion or an ever-burning light. We 
could amuse our readers, if we had time, with some of 
these : the lesson they teach is that no ingenuity can raise 
a superstructure without foundations. The possibility of 
a perpetual motion still lingers in the minds of certain 
enthusiasts, but the idea of an ever-burning light has 
vanished long since ; it seems more than the other to 
have been associated with pretensions to magic. Thus, 
in “The Lay of the Last Minstrel,” we find the monk 
of St. Mary’s Aisle describing in the following words the 
grave of the famous wizard Michael Scott : — 

H Lo, warrior ! now the cross of red 
Points to the grave of the mighty dead ; 

Within it burns a wondrous light, 

To chase the spirits that love the night 
That lamp shall burn unquenchablv, 

Until the eternal doom shall be." 

Now the law of the dissipation of energy shows us at 
once why a perpetual motion and an ever-burning light 
are both equally impossible. It asserts that there is a 
tendency in the universe to change the superior kinds of 
energy into inferior or degraded kinds, which latter can 
only to a very small extent be changed back again into 
superior forms. Thus we have seen how easy it is by 
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percussion or friction to transmute all the mechanical chap, vjj, 
energy of a blow or visible motion into heat, but only a 
very small portion of this heat can be transmuted back 
into visible motion. There is, in fact, a tendency abroad 
to change all kinds of energy into low-temperature heat 
equally spread about, — a thing that is of no possible use 
to anyone. M 

Seeing, then, that our existence and well-being depend 
on the presence in the universe of a large quantity of 
superior energy, which we may be able to utilize, it be- 
comes us to look about us, and take stock as it were 
of the goods that have been placed at our disposal. Now 
the nearest approach to an ever-burning lamp is the sun, 
and a near approach to a perpetual motion is represented 
by the motion of the earth on its axis, and it will shortly 
appear that it is from these two sources of superior energy 
that we draw all our supplies of this indispensable com- 
modity. 

Of the two sources the sun is by far the most impor- important 
tant. Let us examine very briefly the extent of our sun ' 

obligations to our great luminary. In the first place, with- 
out his energy in the shape of heat and light everything 
in the world would be frozen and dark ; for the little 
heat left, being unrecruited, would very soon pass off into 
space, and our scanty stock of fuel would form a very poor 
substitute for the sun’s rays. But this is only a small part 
of what we get from the sun, for we have already hinted 
that it is by means of the energy of his rays as absorbed 
by the leaves of plants that carbonic acid is decomposed, 
and coal and wood produced, coal being a product of the 
past and wood of the present age. 

food has the same origin as fuel; it is in fact the fuel Food-fuel. 
which we burn in our own bodies instead of on our hearths 
or in our engines. Without a proper supply of food we 
should soon cease firstly to perform work and ultimately 
to live, and the more hard work we have to accomplish the 
niorc food must be taken. 
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cHAivvti. In like manner, without a proper supply of fuel a steam- 
engine Nvipuld soon cease to perform work. Again, wind 
and water power, or the power of air and water in motion, 
ought not to be forgotten as forms of energy which may 
be usefully applied. These also are indirectly due to our 
luminary, whose heat produces currents in the atmosphere, 
and also carries up in the form of vapour the waters of the 
ocean to be again precipitated in the form of rain. Wind- 
mills and watermills are therefore due to the sun as well 
as steam-power and muscular energy. Tidal energy 
stands, however, on another footing. The tides are pro- 
duced by' the action of the moon and of the sun upon 
the waters of the ocean, but the energy which they re- 
present is not derived from these luminaries, but from the 
'rotative energy of our own globe, which is gradually losing 
its speed of rotation from this cause, although at a rate 
which is extremely small, indeed almost infinitesimal. 

Is it then the case that we have been furnished on a 
grand scale with that which enthusiasts have in vain tried 
to imitate on a small one, namely, — an ever-burning light 
and a perpetual motion ? 

If we allow that myriads of years bear a nearer approach 
to eternity than a few hours, then we may assert that this 
is the case; but- if we regard all duration and all magni- 
tude as comparative, then we have only been furnished 
on a large scale as regards both these elements with what 
we can ourselves produce on a small one. 

The principle of degradation is at work throughout the 
universe, not less surely, but only more slowly, than when 
it combats our puny efforts, and it will ultimately render, 
it may be, the whole universe, but more assuredly that 
portion of it wfith which we are connected, unfit for the 
habitation of beings like ourselves. As far as we arc 
able to judge, the life of the universe will come to an end 
not less certainly, but only more slowly, than the life 
him who pens these lines or of those who read them. 

It is desirable to state clearly, and once for all, that our 
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standpoint in what follows is that of students of physical mmv. vu. 
science. We are here only as such students, £ncl, from . 7 # - ’ 
the trifling elevation which we may have reached as 
followers of science, we shall endeavour to answer, it may 
be imperfectly, but yet honestly, certain questions which 
might be put to us by those who are interested in knowing 
“ how the day goes.” 

More particularly then with regard to the place of life, 

What are the conditions necessary in order that the 

universe may be a fit abode for living beings? 

It has already been shown that one of these conditions Delicacy of 
is the existence in the universe of a quantity of energy, not 
in a thoroughly degraded state, but capable of producing 
useful effect ; we have now to add that another condition is 
the capability of great delicacy of organization. 

The motion of the universe would seem to be of two 
kinds ; it is in fact the old story of a shield with two sides, 
each side with its champion, and the quarrel between 
them very hot. If we reflect, we shall see that the per- 
fection of the laws which regulate the larger masses of 
the universe, such as planets, consists in the fact that the 
motions produced are eminently capable of being made the 
subject of calculation. But, on the other hand, the very 
perfection of the animated beings of the universe consists 
in the fact that their motions cannot possibly be made 
the subject of calculation. A man w'ho could predict 
his own motion is an inconceivable monster; in fact, 
having calculated what he is about to do, he has only 
to do the opposite in order to show the absurdity of the 
hypothesis. 

This freedom which is given to animated beings is 
nevertheless held quite in conformity with, and in sub- 
jection to, the laws of energy already mentioned, but it 
requires as a condition of its existence great delicacy of 

0, ganizaiion. 

In order to comprehend what is meant by this expres- 
sion, we may imagine to ourselves a universe consisting 
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,ct*Ar. ^nothing but carbon and oxygen separate from one 

another. Such a universe would possess , to a very large 
extent a superior kind of energy, yet we cannot by any 
* possibility imagine how such tnaterials could be moulded 

into organized forms or become. the residence of living 
beings. The very idea of its, sable. monsters provokes 
a smile, although we might perhaps "be at a loss were 
we asked definitely to state our'objection to this condition 
of things. 

Let us, however, consider this imaginary universe for 
a moment, and the nature of its deficiency will soon 
appear. If on fire, it will continue to burn at a rat6’ which 
may be calculated without much trouble; "if not on fire, 
it will continue as it is. There is not, therefore, in such 
a universe any, or hardly any, capacity for producing 
or sustaining delicate organizations possessing freedom 
of motion. 

A living being (at least one of a superior order) is 
not only a machine capable of producing motion, but 
of producing it discontinuously, and in a great variety' of 
ways which cannot be calculated upon except to a very 
limited extent. 

In this respect there is a class of machines analogous to 
some extent to living bodies. Suppose, for instance, a gun 
loaded with powder and ball, and very delicately poised ; 
then by the expenditure of a very' small amount of energy 
upon the trigger, a stupendous mechanical result may be 
achieved, which may be greatly' varied : touch the trigger, 
and the gun is discharged, driving out the ball with great 
velocity. The direction of its path will, however, depend 
upon the pointing of the gun ; if well pointed, it may ex- 
plode a magazine, — nay, even win an empire. 

Here, then, there is a very stupendous result in the way 
of visible motion produced through the agency of a very 
small amount of energy bestowed upon the trigger, and 
all in conformity with the conservation of energy, since 
it is a certain kind of energy of position resident in the 
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minpowder that has been changed into mechanical effect ; chap. vn. 

but yet the result cannot be achieved without the applica- 
tion of this small amount of directive energy to the trigger, 
for if the trigger be touche’d too lightly the gun will not 
go off. The small amount of energy bestowed upon the 
trigger becomes, as it were, the parent or source of the 
much larger amount of ‘ energy of the cannon-ball. We 
have in fact here a machine of great though finite delicacy 
of construction. 

It is not, however, impossible to suppose a machine of 
infinite delicacy of construction. We may, for instance, 
imagine an electric arrangement so delicate that by an 
amount of directive energy less than any assignable quan- 
tity a current may be made to start suddenly, cross the 
Atlantic, and (as far as physical results are concerned) ex- 
plode a magazine on the other side. Indeed, the forces of 
nature appear to be such that an infinite delicacy of con- 
struction is not inconceivable. 

We have thus considered two cases of machines having 
great delicacy of construction. In the former of these it 
required a certain finite and definite amount of energy to 
be expended on the trigger before the gun was discharged, 
but in the second case things were brought to such a pass 
that by an application of an amount of ^energy less than 
any assignable quantity, the electric' circuit would be ren- 
dered complete. The first case in fact represents a machine 
°t great but yet finite delicacy ; the latter, a machine of 
infinite delicacy of construction. 

Let us now proceed to state the various conceivable func- Eu>u turns 
tions that life may be supposed to discharge with relation & t't*- 
to the energy of the universe : we say conceivable, for in 
die sequel the reade* will be called on to select from a list 
of four kinds/iof actltm, of whicli two, although conceivable, 
are yet extrej^el^^piSibable. Our choice therefore must 

nally be restrict®.^' to two conceptions, neither of which 
,s “‘conceivable or ihipossible as far as the laws of energy 

(t 
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i 0t$ x Concerned ; and between these two we must finally 
choose on other grounds than can with propriety be treated 
of in this article. 

There are four functions which life or intelligence may 
be supposed to discharge. In the first place, there is the 
purely materialistic view of life, which may be stated thus:— 

A living being is a very complicated machine, consist- 
ing of matter very delicately organized, but containing 
besides no other principle ; so that, if we knew completely 
the laws of matter and the position of the various par- 
ticles which constitute the machine, and if we knew 
at the same moment the disposition of the exterior 
universe which is capable of influencing the machine, and 
if our methods of calculation were sufficiently developed, 
we should be able to predict all future motions of the 
living being. 

The second hypothesis is, that life or intelligence has the 
capacity for creating energy. This view is so very impro- 
bable that we may dismiss it with a very few remarks. 
What we can say with truth is that, in all experiments 
and observations which we have been able to examine 


thoroughly, energy is not created. It is conceivable that 
there may be a region beyond our ken in which energy is 
created, but, arguing according to the principles which are 
universally admitted^' i%ibe our guides in such matters, we 
must pronounce the creation of energy by a living being to 
be out of the question. 1 

Third The third conceivable hypothesis regarding the function 
kvfrodtnis. 0 f Uf e i s that which asserts that life, although it cannot 
create energy, can yet transmute immediately , and by virtue 

af its presettce, a finite quantity of energy from one form to 

another. It is necessary to explain the meaning of the 
word immediately. Referring to $he gun with a delicate 
trigger, which we have already alluded to, it cannot be 
said that the immediate causd of the motion of. the ball 
* was the energy bestowed upon the trigger: the immediate 
1 This was recognized at an earry period by Carpenter and. Joule. 
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cause of this motion was the aeriform state which the gun- chap. vn. 
powder had assumed, while again the immediate cause of 
the change of state in the gunpowder was the heat de- 
veloped by the explosion of the fulminating powder in* the 
touch-hole, and the cause of the powder’s exploding was 
the blow given^to it by the hammer of the lock. The blow 
again may be traced to the action of the lock-spring, which 
is set free to act through the small impulse communicated 
to the trigger. We see from this, that whenever a finite 
amount of energy changes its form, — as, for instance, when 
the chemical energy of the gunpowder is changed into 
the mechanical energy of the ball, — we naturally look to 
some material circumstance which precedes and explains 
this change. We may be quite certain that the gunpowder 
will not explode unless a small quantity of high-tempera- 
ture heat be communicated to it, nor will the fulminating 
powder explode unless it receives the blow, nor will the 
blow be given unless the trigger is pulled. 

Thus, in this example, if we are able to change some 
energy which we have at hand into visible energy sufficient 
to pull the trigger, that small change will form the original 
germ of the much greater one implied in the explosion 
of the powder and the motion of the ball, or rather it 
will be the first link in a series of changes of which the 
last is the motion of the ball ; afllPSo in similar machines 
we find a change of energy preceded by some other change, 
perhaps much smaller in amount, which explains it. And 
now the question arises, Can life, while it does not create 
energy, be yet the immediate cause of the change of a 
finite quantity of energy from one form to another, which 
change would not have taken place without the presence 
°f life, and which is not, therefore, preceded by a material 
cause in the shape of a parent change of energy? We 
cannot readily allow that life can act thus, for this would 
imply that of the finite and measurable changes of energy 
which take place in the universe, and which therefore either 
are ’ or may become, subjects of experiment and observa- 

II 2 
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chap, vii, tion, some are immediately preceded by a material 
— - caugC| anc j some by an immaterial one, and that this is 

the regular system of things : to the miftds of most men 
an uncertainty of this nature in the immediate causes of 
measurable results will appear improbable d priori, and, 
moreover, it is a view entirely unsupported by experiment 
and observation. Let us, therefore, dismiss this view of the 
action of life, and consider the only other view of its 
action which appears to be possible. 

Fourth Assuming, therefore, that life can neither create energy 
hypothesis. aor y e ^ immediately transform a finite amount of energy 
from owe forni to another, may not the living being, be 
an organization of infinite delicacy, by means of which a 
principle in its essence distinct from matter, by impressing 
upon it an infinitely small amount of directive energy, may 
bring about perceptible results? We have shown that 
such a class of machine is conceivable, when we suggested 
a certain electrical arrangement, and we know that our 
bodies are machines of exquisite delicacy. Such a mode 
of action of the vital principle is not, therefore, inconceiv- 
able, and, by supposing that it does not immediately change 
a finite quantity of energy from one form to another, we 
get rid of that dement of irregularity which we cannot 
easily admit to be" consistent with the order of nature. 

«v come We are thus presented with two hypotheses of the action 
hypotheses hfe. The first of these is the materialistic hypothesis, 

' .which denies the existence of life as a principle apart from 

fV matter ; while the other allows the existence of an inde- 
ii pendent principle, but assumes its action to take place 

through the medium of a machine of infinite delicacy, so 
that by a primordial impulse of less than any assignable 
amount a finite and visible outcome is produced. These 
are the two alternatives, and it is not within our province 
to attempt to decide between tj|e*n. The battle must be 
fought in other pages than ours, and by other fveapo° s 
than those which we can produce.. 
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Let us here pause for a moment to consider the won- chap. yn. 
derful principle of delicacy which appears to pervade the Principle 
universe of life. * We see how from an exceedingly small °f<idicacy. 
primordial impulse great and visible results are produced. 

In the mysterious brain chamber of the solitary student we 
conceive some obscure transmutation of energy. Light is, 
however, thrown upon one of the laws of nature; the 
transcendent power of steam as a motive agent has, let us 
imagine, been grasped by the human mind. Presently the 
scene widens, and, as we proceed, a solitary engine is seen 
to be performing, and in a laborious way converting heat 
into work ; we proceed further and further until the pros- 
pect expands into a scene of glorious triumph, and the 
imperceptible streamlet of thought that rose so obscurely 
has swelled into a mighty river, on which all the projects of 
humanity are embarked. 

And now a hint to those who are disposed to adopt that 
theory of life which demands an infinite delicacy of con- 
struction. 

May it not be possible that in certain states of excite- h there 
ment there is action at a distance ? This is a field of inquiry 
which men of science do not seem disposed to enter, and 
the consequence is that it appears to be given over to 
impostors. We need scarcely, after this, inform the reader 
that we do not believe in so-called spiritual manifestations ; 
nevertheless we ask, does there not appear to be an amount 
of floating evidence for impressions derived from a distance 
in a way that we cannot explain ? For are not the most 
curious and inexplicable actions of instinct those in which 
distance seems to be set at nought ? Then, again, if we 
take the element time, instead of distance : — who has 
not felt some past scenes, perhaps of his early childhood, 
called up suddenly and vividly before him by some 
trivial sight, or sound, or smell ? May there not, after 

a U» be a deep physical meaning in these words of the 

poet 
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chap. vii. Yet still, from time to time, vague and forlorn, 

— From the soul's subterranean depth upborne, 

As from an infinitely distant land 
Come airs and floating echoes, and convey 
A melancholy unto all our day.” 

Hitherto we have been confining our thoughts to the 
realms of life, in which the principle of delicacy is suffi- 
ciently obvious, but the results of a preceding article will 
have prepared our readers for a wider application of this 
Ap/tUca- principle. It is not only in the organic world that we see 
,:m $un. ht a delicacy of construction, but in the inorganic also. Thus 
it will be remembered that, in discussing the molecular 
state of the sun, we came to the conclusion that it was one 
of great delicacy, so that in our luminary a very small 
cause might be the parent of enormous effects, of a visible 
and mechanical nature. And when we came to analyse 
the behaviour of sun-spots, we found that this behaviour 
had a manifest relation to the positions of the two planets 
Venus and Jupiter, although these two planets are never 
so near the sun as they are to our own Earth. We have 
also shown that sun-spots or solar disturbances appear to 
be accompanied by disturbances of the earth's magnetism, 
and these again by auroral displays. Besides this, we have 
some reason to suppose a connection between sun-spots 
and the meteorology of our globe. From all these circum- 
stances we cannot fail to remark that the different members 
of our system (and the thought may be extended to other 
systems) are more closely bound together than has been 
hitherto supposed. Mutual relations of a mathematical 
nature we were aware of before, but the connection seems 
to be much more intimate than this — they feel, they throb 
together, they are pervaded by a principle of delicacy even 
as we are ourselves. 

We remark, in conclusion, that something of this kind 
might be expected if we suppose that a Supreme Intelli- 
gence, without interfering with the ordinary laws of matter, 
pervades the universe, exercising a directive energy capable 
of comparison with that which is exercised by a living 
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being. In both cases delicacy of construction would chap. vu. 
appear to be the thing required for an action of this 
nature. 

Bearing in mind, however, our physical standpoint, we 
cannot venture to offer any further remark on this subject. . 
Whether such a mode of actfon is a fact must be decided 
by other considerations ; whether it would appear to be 
physically possible is a question which we may suppose 
put to us, and which we have ventured to answer as 
above. 



CHAP. VIM. 


THE PLACE IN SCIENCE OF THE NEW 

METHOD. 


The year that has just passed from us 1 will be for ever 
memorable in the history of science. It has given to 
astronomers a method of studying the physics of our 
central luminary, the sun, at once so delicate and so search- 
ing that a new era of observation has dawned ; it has, 
moreover, seen the settlement of a question which has 
puzzled mankind for a century and a half, and put us 
in possession of new facts of the highest interest and 
importance. 

The sun shining in unclouded and uneclipsed splendour 
is a sight familiar to us all, and, time out of mind, mankind 
has watched his risings and settings, and poets have sung 
of the panoply of cloud and glory in which he then appears. 
In these ordinary aspects, however, the sun for the last 
150 years has been invested with comparatively little in- 
terest to the astronomer ; it is only when hid in dire eclipse 
that the feeble human eye can appreciate all the wonders 
of our great light-giver — and total eclipses happen but 
very rarely. 

Whenever the sun shines, the brilliant envelope, called 
the photosphere, is full of wondrous teachings ; and the 
marvellous sun-spots, the discovery of which sent a shock 
as of an earthquake through the minds of the Schoolmen 

’ ’This was written in 1868. 
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at the beginning of the seventeenth Century, are among the 
most striking and stupendous effects of force which it is 
given to man to witness. But these are now bu^ordinary 
phenomena ; we are familiar with them ; and We are apt 
to forget the scale on which the changes rendered visible 
to us by our telescopes take place. This is not the case 
.with the different classes of actions which, though for 
ever going on, are only visible to us when, during eclipses, 
the moon shields our eye, and, by interposing herself 
exactly between us and the sun, allows us to inspect the 
sun’s atmosphere with perfect ease. Then new glories are 
rendered visible, which make the moments of the totality 
as precious to scientific men as they are terrible and “awe- 
inspiring to ordinary beholders. One seems in a new 
world-~a world filled with awful sights and strange fore- 
bodings, and in which stillness and sadness reign supreme ; 
the voice of man and the cries of animals are hushed ; the 
clouds are full of threatenings and put on unearthly hues : 
dusky livid, or purple, or yellowish crimson tones chase 
each other over the sky irrespective of the clouds. The 
very sea is responsive, and turns lurid red. All at once 
the moon’s shadow comes sweeping over air and earth 
and sky with frightful speed. Men look at each other 
and behold, as it were, corpses, and the sun’s light is 
lost. 


And then ? Then the astronomer at his telescope sees 
the edge of the moon, which hangs like a, black ball in 
the heavens, suddenly, as if at the call of a magician, 
bedeckt here and there with strange-looking tongues of red 
flame, and at those parts where the edges of the sun and 
moon most nearly fit each other lower ridges are seen, 
lying close to the moon’s edge — or limb— and continuous 
,or s °me distance. As the moon travels over the sun from 
Wcst to east, these strange “ red flames,” still maintaining 
their shapes, vary their size, and then, just before totality 
ls over, another line of ridges is seen on the opposite part 
0 the moon to that on which theyfirst "appeared. Then 
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the sun appears again, and these strange things are lost to 
human eye till another total eclipse comes round with 
its glorihys revelations. 

The discoveries to which we have now to draw attention 
refer to the nature of the “red flames,” “prominences,” or 
“ protuberances,” as they have been variously called, visible, 
as we have seen, during total eclipses of the sun ; but to 
discuss these discoveries at all usefully it is necessary that 
we should trace up our knowledge of the red flames them- 
selves, and state the optical principles on which the dis- 
coveries are based. 

First, then, as to the growth of our knowledge concerning 
the red flames. As far as I know, the first mention of 
those strangely beautiful and weird appendages of the 
sun, variously called “red flames,” “prominences,” and 
“protuberances,” which are visible, and only visible, during 
a total eclipse of our great luminary, occurs in a letter 
addressed by a Captain Stannyan to Flamsteed, in 1706; 
that is, 162 years ago. Stannyan was at Berne, observing 
the total solar eclipse of that year, when the sun was 
totally darkened for four minutes and a half ; he seems 
to have had sufficient presence of mind to have given 
the marvellous and awful accompanying phenomena only 
their due share of attemfon ; for he carefully watched for 
the sun's reappearance, and was rewarded by observing 
that “his getting out of his eclipse was preceded by a 
blood-red streak of light from his left limb, which con- 
tinued not longer than six or seven seconds of time ; then 
part of the sun’s disc appeared all of a sudden as bright 
as Venus was ever seen In the night — nay brighter ; and 
in that very instant gave a light and shadow to things 
as strong as the moon uses to do.” It seems pretty clear 
that Stannyan believed this “blood-red streak” to belong 
to the sun,Sbr he does not mention the moon ; but unfor- 
tunately authority, in the shape of Flamsteed, referred it 
without question to the moon ; and the height of bur satel- 
lite's atmosphere was at once calculated to a nicety. 
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A similar phenomenon was recorded by Halley and 
Louville in 1715 — the former describing “ a long and very 
narrow streak of a dusky but strong red lights^ which 
“seemed to colour the dark edge of the mo&h;” the 
latter seeing “ an arc of a deep red colour.” These, doubt- 
less, were the equivalents of the “ streak ” seen by Stannyan, 
and were not “prominences” properly so called. The 
theory that these'strange things belonged to the moon 
and not to the sun was not, however, shaken by these 
observations ; and when Vassenius described to the Royal 
Society the eclipse of 1733, he boldly placed the “reddish 
spots” which he observed “ in the lunar atmosphere.” It 
may be safely stated ' that until the year 1 842 the idea 
that the red flames were entities in, or appearances caused 
by, the moon’s atmosphere, was never called in question ; 
and it was not banished from men’s minds till the year 
i860. It held its own, therefore, for over a century and 
a half— a pretty long run for an assertion made on such 
slender basis, but one not altogether unprecedented. 

From 1706 to i860, total eclipses of the sun have swept 
over Europe. I believe that in every case — certainly in 
every late case — the remarkable phenomena first observed 
in 1706 have been seen. In astronomical observation as 
in other matters, Ce nest qne $ premier pas qui coute 
-the mind helps the eye as well as the eye the mind ; 
but the records are singularly unsatisfactory till the year 
>842 is reached, and then the golden age begins. The 
“ red flames ” in that year were watched by several observers 
°f the highest eminence. It is the first eclipse, in fact, 
°f which we have full and scientifically accurate obser- 
vations; as a consequence, our knowledge of the rose- 
coloured prominences was largely increased. They were 
Measured with the utmost care, and their various colours 
and general appearances were recorded. Mattvais com- 
pared two of the prominences in shape and colour to the 
peaks of the Alps illuminated by the setting sun. Mr. Airy 
1 ened them to saw-teeth in the position proper for a 
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circular saw. Mr. Baily describes those seen by himself 
encircling the black moon as follows : — They had the 
appearance of mountains of a prodigious elevation ; their 
colour was red, tinged with lilac or purple; perhaps the 
colour of the peach-blossom would more nearly represent 
it. They somewhat resembled the snowy tops of the 
“ Alpine mountains when coloured by the rising or setting 
sun.” One observer poetically remarked that if the lumi- 
nous points he saw had extended all round the moon it 
would have resembled “ a box of ebony garnished with 
rubies.” Littrow saw them change from white to red 
and from red to violet, and then back again through the 
reverse order. 

But the most important observations made during this 
eclipse have yet to be referred to. Mauvais, a French 
astronomer who was stationed at Perpignan, saw a reddish 
point transform itself into two large protuberances, and 
soon a third began to be visible to the left of them. 
While the third “ mountain ” appeared to be issuing forth, 
the first two observed continued to increase. Further, 
Petit, another French astronomer, also saw them rapidly 
increase in magnitude as if they were uncovered in conse- 
quence of the motion of the moon — in fact, they seemed to 
emerge from -the eclipse pari passu with the sun. Here 
then, apparently, was evidence that they belonged after all 
to the sun, and not to the moon. 

The next swing of the eclipse pendulum brings us 
to 1851, and to Sweden, which was in consequence the 
rendezvous of European, but especially of English, as- 
tronomers, who were now convinced, particularly by the 
observations of 1842, of the enormous interest and import- 
ance of Jheljn-oblem. Of this eclipse we have admirable 
records. ' JRSry , Adams, Dawes, Hind, Carrington, Robin- 
son, Lassell, were among the eminent observers 

who were thOre to endeavour to settle the question. P r0 ' 
minences there were in abundance, some of them of g rc ^ 
magnitude and striking form. So enormous in heig 1 
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ind so brilliant was one of them, that it was clearly visible chaxwih 

0 the naked eye, and Dawes saw it five seconds after 
he sun had reappeared ! We owe to that la'mented 
observer the most minute account of the prominences. 

3ne of them was cone-shaped, of a deep red colour ; 
mother was a bluntly triangular pink body, disconnected 
vith the sun ; and another like a “ Turkish cimeter,” 70.000 
niles in height if it belonged to the sun, with one of its 
:dges of a rich carmine colour. Besides these, two low 
idges were seen stretching along the moon’s edge ; in one 
)f them was a flame like a “dog’s tusk,” its colour and 
brilliancy varying from those of the lower ridges. The 
prominence which reminded Dawes of a “ cimeter ” was 
ikened by Airy to a “boomerang,” its colour “full lake 
cd the latter also saw one of the ridges, which he called 

1 “sierra,” situated along the sun’s edge at the part where 

t was just fitted by the edge of the moon ; this sierra 
being more brilliant than the other prominences, and its 
:olour scarlet. This eclipse left a very distinct impression 
>n the Astronomer Royal’s mind as to the exact place 
>f the prominences. It was impossible, he said, to see 
he changes that took place in the prominences without 
holing the conviction that they belonged to the “sun 
ind not to the moon.” Still Professor Adams was not 
juitc convinced. Mr. Dunkin held a contrary opinion to 
^iry ; other observers, if they had formed one, did not 
express it ; and we believe that the general consensus will 
Je faithfully represented by saying that at this period, 
he whereabouts of the prominences — i.c. whether they 
belonged to the sun or moon — was “ not proven.” There fw<w, 
vas strong evidence going to show that they could only <• 

belong to the sun, but the theory was not; thoroughly 
-stablished. '■:*$ jxVi- 

Still the eclipse of 1851 was not withou^l^ Results. 

“ c prominences lent themselves admirably to* minute 
5 servations, the work done in former years was endorsed, 

* nt l the old mountain-shaped prominences and the low 
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chap. vi u. sierras, of a different colour from the prominences proper, 
— more brilliant, were again observed. 1 
Eclipse of The next attack was made in i860, the astronomical 
i860. f orC es having in the meantime secured an ally of tre- 



Fig. 23. -Path of Moon’* shadow during: Eclipse of 1860. 


mendous power. By this time celestial photography, * n 
the hands of Mr. Warren De la Rue, had arrived at a high 
state of perfection. And now the prominences were photo- 


* Sincethe articles were written I have learnt that the name of * • 
Swan should! have been added, for among the most important resu ^ 
of this eclipse are three papers communicated by him to the kov 
S ociety ol Edinburgh, in which he clearly points out, as Grant < 
done for the observations before 1851, that tne prominences are p 
of the sun, and that there is a continuous stratum of pronu n 
matter surrounding the sun. 
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graphed, not only by Mr. Deja Rue himself, but by Father chap.viii. 
Secchi, who has followed in the wake of all work of this 
nature. The prominences now told their own story on his 
photographic plates, and announced themselves as belong- 
ing beyond all question to the sun. It is impossible to 
speak too highly of the skill with which the aid of this new 
method of recording astronomical phenomena was invoked 
and utilized by Mr. De la Rue, in spite of the probability 
that his work would all be useless. He writes: — “The 
general impression I formed from the information derived 
was that the light emitted by the corona ” (a halo of dim 
white light which surrounds the moon during total eclipses) 

“ and red flames, taken together, was abput equal to that 
of a full moon — less rather than greater ; but no one 
recollected precisely the brightness of the prominences as 
compared with that of the corona. With this imperfect 
information as a guide, an attempt was made at Kew 
to photograph the moon, but not the slightest impression 
could be procured of our satellite by an exposure of the 
sensitive plate during one whole minute to its image in the 
heliograph. My expectation of success in getting pictures 
of the totality was not great after this trial ; nevertheless, 

I still thought it desirable to carry on the experiment to 
the end, on account of the value of the results, if I should 
fortunately succeed.” 

Mr. De la Rue was able to obtain the sun’s own evidences* Phetogm- 
of the famous Spanish eclipse in an almost unbroken serjes phtc results. 
of upwards of forty photographs, from the time the moon 
made her first appearance on the sun till the time she had 
entirely crossed it. Just before the sun was totally hid, the 
prominences became visible in the telescope, and were re- 
corded on the photographic plate ; a long line pf low ridges 
being visible when the eastern edge of the moon, 'which was 
travelling from west to east, was coincident with the just 
hidden edge of the sun. Tops of high prominences were also 
registered where themoon (which appeared much larger than 
the sun) extended grossly beyond the sun’s edge, especially 
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chap. vi it. the western one. Just before the sun began to reappear on 
~ the opposite side, and when the western edge of the moon 

nearly fitted the still hidden western edge o£ the sun, 
another low sierra? appeared at the western one 
formerly observed being by this time covered vp by tflt moon. 

The accompanying woodcuts contain examples of these 
changes, taken from the Indian eclipse of 1868. 



Nothing could be more complete than "the proof thus 
afforded that these appendages belonged to the sun: the 
prominences were eclipsed and uncovered exactly as the 
sun itself was ; their whereabouts, therefore, could n° 
longer be questioned ; and if, as f shall show presently' 
this fact was got established up to and including *842, t0 
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Mr. De la Rue belongs the full credit of having solved this chap.vui. 
important question, which had remained sub jtidice for a 
century and a half. Here, then, at length was the great 
quesfiqn iihted in a manner that ^dr^tted of no doubt. 

The pfotwinences told their own story ; they at last yielded 
up their secret. They were fairly run to earth. 

Mr. De la Ripe remarked, moreover, that on comparing 
the results of the expedition of i860 with those obtained 

\v 

' / , 


... • V ,• - • * . » — ■ : • .>• . : ^ V ■ \ ■ 

. Fltf. Total Eclipse (Indian), Ait g. 18, 1868. near 
51 eittl of totality* Prominences shown in Fig 23 now 
m ulinost’ entirdy conccaled, while others formerly 1* 

A covered hy the moon are making their appearance 

* oft the opposite side. 

in '^5 r » the general similarity of the prominences at the 
two epochs wa&vefjy Striking : — “ On both occasions were 
‘-een luminous masses ^pf vast extent, perfectly detachpfl 
, rom sun and far iieyond the lunar disc; the same 
'•regularity of outline on the convex side running out ifttjs; 
Points, the same apparent outpouring of faint vapours 
a as it were, tdwirds the sun.” Mr, De laR.pe was- 
n °t content with his own photographs. *He made a 

1 
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careful comparison of them withihose takOn by Father 
Secchi, who observed the eclipse at some , distance from 
his station ; and he found imp^t^nt di S'lreftcp^ftap.'lhem— 
exactly such diflfereftces,ii|op r ? asiitdSf bave arireSfe^la the 
difference of position pf |;Jic ''ojbsttffrp^'if^he pfn&thtfences 
really belonged to *thesun. f^b thoroughly understand 
this, let the readme ^Ir^ H.shilliin^^fei^esenting the moon 
over a sixpence repie^ehting the siuiln, tojeft, ie. 

west to east. 



It .was distinctljr thglL Ih* elevpnou 01 

prominences above ,t&* moon’s JbrtBern limb was much 
hjghetm Mr. Dela Rue’s pidtufes than in Father Secchi. 
as faijt accounted for by the moon having *been seen much 
higher at Desierta (Father Secchi's station) than at R> va ‘ 
bellosa, where Mrs De la Rue was.. Sknilar^tht 1 P ron11 ' 
nences seen beyond the’moon’s southern limb were m^ 
uncovered in Secefai’s photographs. 
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In the year i860, tbeit^w’as settjted the question as to the 
positiotj^f things observed in 1706, and 

the fjoipib had brought with it large 

their shapes, sizes, 

colours, and * , ; v " 

De la Rue, 

-JftrvSrt, th*e gun» s surface 


One of the- 
for instance,'*? 

into its atxnosfd3^|g a^ there'%as ^,Ts^S^i( 3 ence. that the 
substahce-bf which isome of tfvbm were ^ompqskl gave 
out light much yfro^per 'chemically thMtr'Visuattyt for they 
allowed ihehkctves to *- be registered \on the photographic 
plate white they fNr* ihytsible to ,i^ese and 

innumerable! ©pier !f>qfe*tir of interest) canhot 

do more t^aft refer, lent enormous inapSi 
to the next question thaf$a£ Mceffe .tM-^iuigr 

,* 


things. ^ > 

“ What are they ? ’’.was on the lips of all in 

science. But how to tell what 'solve 

this final riddle ?_l!fetescope, -lad done 

their mm<^ : :hd|p^t^ll was. ualtVaJ|y^t^ such ajlftnquiry 
as this,. ‘ The .’a^^an^RS' wer*K ;*they, not only 

knew bui^they!^^^wayl^iii^of their 

difficulti^-3^tira^’'was.,^?6'tke , r‘line. of research open to 

In ; sd*sn^h<^^ things, help sometimes 

comes from ,& yferj^jy|^^iiSted quarter. It was so in this 

i had started with its 
famous Spanish eclipse, 
ntly, one in Heidel- 
e subject of radiant 
:he labours,-©!! these 
phjsicists, l^chhbIf?|u|idtl|alfo u r. Stewart, was tha^t^|i|t 
the world of sci^ce ^ras put ^possession of. jystlsralk^ 
nietlxpd of. research as-ivjef have shown # covetdd i^|s^er 
to settle the natl|?e of the i%i»ff|pies. '* ! 

The research^ qf!Kj^<^lhc^f shpw^djlfc facff*that the 
proceeding %©m hhy substance eohtains, as it were, 


case. Before 
freight of astr©i 

two meh-had b' . 

herg apd the^nlkel 

light and beitf ^ 



hght 
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cHAP.vtu. an autobiography of that substance — in a strange Ian- 
guage, certainly, but one capable of being translated into 
the vulgar tongue by passing a light through aigprism. 
If, for instance, we look at the ftamfsoC a candle through 
a common lustre, we find the y|lih|f-^Ul*nost white — light 
which it given2oHjFttl&^ into a broad, rainbow- 
coloured band ; r «u ( continuous riband <rf coloured light, red 
at one end anil passing througb^^^ ! green r blue, ,and 
indigo to lavender at the other. ftf" with certain^pre- 
cautionsfwhneh need not be stat& bei% w^kanrine the 
light •««£ by a gas, or by #ie va^ojpf bf burning 

su bstan <||y sffdjf*frs sodium, iron, '&c&'.iN 4 S j{kr i4 >, this con- 
■ tinup^P : ^Slp#' u P r 'hand replaced lines, 

‘ aim there along the space^^m^^puld be 
coloured" light if w« fPgip' looking 
at fact that these bright line! %ary with 

ever^ilbrtance which we can examine we have the basis 
of 

Connection But safar wehaye said 'ndth ing of the connection of this 
U 'sL? 1 disco with tih|^W^The sun’s spectrum is itot like 
either of those ^&C^diilSsly referred to. ^The iight- is not 
continuous, and indies not^ consist of bite^tpines. It 
is coloured exactly as lbwd^. ; |»rj#|i^^^^|^nuous ) 
like the" Spectrum 6f a candl^i^ right 

angles to its length^ are innumex^hspdailk liees or bars 
of greater or less thickness. ^id this,. is the 

great merit of his diseovery-^^&tined these lines. He 
pointed out, first of athfSd|^^p B^b ^%heiia : gccupt«l 
^jcactly the same as the bright 

and he*ext showed^that uce such 

a Ipedrum at will, by allo^ing a br^ht light to shine 
^jrcpgtt the.vapour of sodium,. iro»i &cv In which case the 
codl^pour uses .up the light ofVthe^ same i .^olgur that 
it itsllf would emi|, and the otherwise c^i^nubus spectrum 
of the blight light reaches the eyes With a bar across it. 
We may Sum up Kirchhoff% results foilows :— 


at right 
^ blalic liees or bars 
bff-*S*nd this is the 
ined theseJines. He 

fe’Of^them occupied 

as the bright 
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1. When solid or liquid bodiei are in a state of incan- 
descence they give out continuous spectra. 

2. When solid or liquid bodies, reduced to a state of gas, 
or any gas itself’hprns at^ordlnary pressure, the spectrum 
given out consists of* bright lines onl yfwd ikew- bright 

3. When <Mr<^quU^eandescent • body 

passes througHta^pl^ the gas absorbs those particular rays 
of light of which Its o\frn spectrum consists, 

By carefully dipping the lines in the solar spe^pun, and 
by matching theih^ivith the bright lines^ghypil<<^'by gases 
and the vapoufs Of solid substances, It i reh^ff'^abl ished 
beyond all Question that sodium, iron, Ihag^slm^ba^ium, 
copper, zirtc) calcium, chromium, * nickel^ari^.’’ siuQ»j[iitum 
were present in the sun’s atmosphere rs'to-^heSe'hjItlrogen 
has since been added. - -V* \ 

The reader should now be able fftfee the drifl| <|fiWfiat xve 
have stated with regard to ' of 1 method 

of research to the red flames. .i.^n tBftalysis light 

must at once give us infbrmatiort;a^fco;P«ir sojitfor gaseous 
nature. If the light they emitted gave a continuous spec- 
trum, then^o^sdiimid say tfiey were either solid; pr liquid. 
If, on the ; O^ftrary, ^h«ir spectrum consisted, ©f bright 
lines, then that^ they were gaseous. In the 

latter case the partibdl4r^gas pr vapour would be deter- 
mined by the positioner the bright lines in the spectrum. 

^ rhis problem vra^^j^dkqd:,in 1 866, and without waiting 

I had been^ gun-spotsv^th .with 

telescope, ariniiipi^m^p^ l^^nstrument which consists 

°f carefully -arranged $Hsms), and . had succeeded Ta sh|)w- 

,n g by means of the Jatter matvellous means of resdirch 
that they were due to a greater absorption of the sofar 
atmosphere in certain localities ; and having had the*benefit 
° sev cral conversations with my eminent friend Pr. Balfour 
* tewart, the conclusion we arrived at .ipS' 
anies were probably masses*of incandescent gas. 
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chap. viu. _ On this hypothesis it became at once obvious that their 
existence should be revealed by the spectroscope without 
the occurrence of a total eclipse, as they are not then 
rendered visible by any magical or mysterious process, but 
simply by the absence of the overpowering light of the sun : 
for although the red flames are only visible to the eye when 
the sun is eclipsed, it does not follow that their existence 
will not be detected by the spectroscope at other times ; 
and for this reason, — the prominences are not visible to the 
eye in ordinary sunshine, because the regions near the sun 
are as bright or brighter than the prominences; they are, 
therefore, “ put out,” as the stars are in daytime. But mark 
what will happen if they really be built up of gas, and 
their light in the spectrum is concentrated into a few bright 
bands. The light of the sun’s atmosphere, which is made 
to enter the instrument through an excessively narrow slit, 
will be spread out into a long band ; the light will cover 
a large area and will become diluted in consequence. But 
the light from the prominences (coming through the .same 
slit) will, on the contrary, scarcely be spread out at all, it 
will remain concentrated in two or three or more lilies, and 
in the spectroscope the prominefice lines should , for this 
reason be seen as bright lines on the _/hf«/^Backgrou nd of 
the spectrum of the atmosphere. I began to act upon this 
ittihuc. idea in 1866 ; but the only result of my efforts was to show 
me that the means at my disposal were not sufficient to 
attack the problem with any chance of success. It was 
essential that I should obtain the' spectrum of the edge of 
the ^uttiipd the regions just outside H^ jathd that the latter 
sho^iw be dark enough to form a background for the 
bright jy|ies that would be seen here arid, there projecting 
fhdpt^lp^solar spectrum if the hypothea«5 fhat the pro- 
minences were gaseous was correct. In my instrument, 
Riunms however, the illumination of the sun's atmosphere by the 
for jail un. jjgj lt r efl ec t e d from the outer bright shell of the' sun itself 
—the photosphere — and the illumination pf . our atmo- 
4 sphere especially kre so great * neat' ihe mti,- t^t 
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background was not dark enough to allow bright lines to 
be easily visible, and I failed to detect any lines, though 
I diligently “fished” round the sun’s limb many times, 
and in all probability passed over prominences,-; I there- 
fore communicated my idea to the Royal Society, and my 
difficulties to the Government Grant Committee. The 
matter was thought worthy of their aid, and in the be- 
ginning of 1867 an instrument was being constructed, which 
owing to a chapter of accidents I only received incom- 
plete on the 1 6th of October, 1868. Owing to these delays 
in the construction of this instrument, the solution of the 
question was left to the eclipse of 1868, visible«jn India.. 

Nearly all the principal scientific bodies of Europe took 
up the matter with great warmth. Our own Royal Society 
and the Royal Astronomical Society both sent out expe- 
ditions, and so did the Academy of Sciences and the 
Bureau des Longitudes. Prussia and Austria were also 
represented. The eclipse was to happen on the 18th of 
August, and the results were anticipated with the utmost 
impatience and interest. The result of the observations 
in India was decisive as to the nature of the prominences. 
The spectroscope settled this as satisfactorily as the camera 
had settled whereabouts in i860. At last the tele- 
grams came. The two words “bright lines,” were quite 
sufficient to tell the scientific world that one large part of 
the problem had been settled. The “red flames” were 
really built up of glowing gas or vapour. All the observers 
had seen those tell-tale lines during the eclipse which had 
"i vain been looked for in the full glory of the sun with 
m y small instrument. One large part of the final question 
was for ever put to rest. The prominences were built up 
incandescent gas or vapour. 

But what gas, or what vapour ? This would be indicated 
y the relative positions of the bright lines referred to the 
■; 0, ar spectrum itself— that glorious band of rainbow hue, 
, rom rcd through orange, yellow, green, blue, indigo, and 
avender, crossed at right angles to its lengt|i« : 'S^ innu- 
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chap. vm. merable black lines, which is the very cypher of the uni- 
verse, but which nevertheless has been read a little. With 
which of the black lines did these newly-discovered and 



Fig. 26 . — Eclipse of i8<58. (Corona.) 


all-eloquent bright lines coincide ? Here the eclipse g ave 
out an uncertain sound. Indue course of time we received 
detailed accounts from three of the expeditions, under 
Captain Herschel, Major Tennant, and M. Stephan re- 
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spectively, and representing the Royal Society, the Royal 
Astronomical Society, and the Bureau des Longitudes. 
In the detailed accounts, although it was dfearlh^t ^every 
man had tried his utmost, there was not such subjict 

of congratulation as there had been in the telegranas. 
There was still , one part of the question unsettled. All 
the observers had observed bright lines, but they were not 



Figv 27.— Copy of Tennant’s photograph : beginning of totality. 


certain as to the positions of some of the lines, and the 
accounts were discordant among themselves. Premising 
that the principal black lines in the solar spectrum are 
lettered from the red towards the lavender end, the follow- 

ln g results will be readily understood. Captain Herschel 

wrote: — ■ . 

I consider that there can be no question that the orange 
lne Was identical with D, so far as the instrument, is com- 
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Tennant. 

Rayd. 

Djscre* 

jkfakfics. 


<• petent to establish an identity. I also consider that the 
identity of the blue line with F is not established, but, on 
the cont^pjpr, I believe the former is less refracted than ]•', 
but not3|fiiP|feWith regard to the red tine, I hesitate very 
much in assigning an approximate place. It might have 
been near C ; I doubt its being as far as B, but there would 
be the limit. I am not prepared to hazard any more de- 
finite opinion about it. Its colour was a bright red.” 



Fig. 28. — Copy of TeaapM*« photograph : end of totality. 


Major Tennant saw five lines, three of them corre- 
sponding to C, D, and b, one in the green near F, and 
possibly one near G. 

, M. Rayet (in M. Stephan’s party) saw nine lines, corre- 
sponding to B, D, E, b, F, and the others undetermined. 

It is obvious from these discrepancies, which we hold 
to be entirely unavoidable in such a delicaii^ifiNte st i£ at ‘ on ’ 
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carried on under difficulties of weather and under con- 
ditions so out of the common, that the question as to the 
nature of the red flames — our knowledge of whicfcj|epended 
upon a rigorous determination of the position cl^tiiie lines 
—was left open; and it seemed very much as if, after all, 
the problem would be left in uncertainty and doubt until 



another total eclipse with its attendant phenomena swept 
over the earth. A total eclipse of the sun is an awful 
phenomenon, and it was scarcely to be expected that in 
Us presence a tremendous problem should be solved at 
| le very first attempt. All the observers found all their 
' l,onoi 's preparations of many months culminating in a 
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few minutes, and those minutes rendered part almost of a 
new existence in a new world by the unaccustomed look 
of things. The mental tension must have been extreme : 
the hope of widening the range of knowledge, and the 
fear of losing a single precious instant, are not calculated 
to steady either the hand or the eye, and it is no discredit 
to these men to point out that the results they obtained 
were discordant as to the positions of the bright lines 
observed. 


Such was, as I imagined, the condition of things when, 
on the 20th October, four days after I had received my 
new instrument — which promised to succeed if any trust 
was to be placed in principles — I at last saw for the first 
time the long-wished-for lines ; and, in my observatory, the 
sun shining in all the glory that an English autumn permits, 
at my leisure, though not without excitement, measured 
their absolute positions on the solar spectrum itself, both 
the bright lines proceeding ‘from the prominences and the 
brilliantly coloured cypher-band proceeding from the sun’s 
edge being spread out before me, allowing an absolute 
means of determining the position of the former with 
reference to the latter, all doubt, uncertainty, or error as 
to their position being rendered impossible — an advantage 
which the eclipse observers were deprived of, owing to the 
temporary obscuration of the sun. 

Three beautifully coloured lin^s of light were visible. 
Two of them corresponding to C and F in the solar spec- 
trum showed that the famous red flames were composed in 
part, at least, of incandescent hydrogen gas ; that hydro- 
gen gas was present in the atmosphere of the sun in 
volumes beside which the size of the earth is as nothing, 
welling up in what may be almost considered tongues of 
name to a height of 70,000 and 80,000 miles, now running , 
out into strange shapes and branches, now parting from 
the lower surface and floating cloudlike in the higher 
re gions. Besides these two lines, which settled the question 
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iiAf.vm. as to hydrogen, another line was observed near D, which 
strangely enough, had no dark line in the solar spectrum, 
corresponding with it. I soon found that by sweeping the 
slit of the spectroscope along the sun’s edge and over the 
prominences, it was quite easy to determine their outline, 
the length of the bright line visible giving the height of 
that part of the prominence on the slit at the time. 

Here, then, was all doubt and uncertainty removed as 
to the position of the lines, and a method discovered of 
mapping the prominences every day the sun shines, instead 
of glimpsing them every ten years or so. Immediately after 
a second letter giving some further details had been com- 
municated to the President of the Academy of Sciences in 
Paris, a letter was received from M. Janssen, one of the obser- 
vers of the eclipse, to the effect that the same idea which 
I had published in 1866, had struck him during the eclipse 
itself ; that he had applied it the next day, and had deter- 
mined the absolute position of the lines at his leisure, as I 
did The fact, which was determined by both of us, that 
bright lines corresponding to C and F in the solar spectrum 
appeared in the spectrum of the prominences, as before 
stated, settled the question as to their nature, for these are 
the two principal lines given out by hydrogen gas. The 
spectroscope, therefore, had taught us that the prominence'; 
were composed wholly, or in part, of hydrogen — incan- 
descent hydrogen gas, bursting up in tongues of flame and 
cloudlike masses from the photosphere. 

M. Janssen continued to observe the prominences for 
seventeen days after the eclipse, and before his observa- 
tions wore received it was known that they could not fail 
to be of the highest importance, for he is a practised ob- 
server, has long devoted himself to spectroscopic research, 
and had a sun not far from the zenith to work upon. 1 

1 As this article appeared in the limes, a paragraph was insert^ 
here on the question of priority. 1 omit it from the text, but in ju sti 
to M. Faye I introduce it as a note: — * . j 

“ Here, then, was a nice point of priority to settle. M r. Lockyci > 
been the first to conceive the plan and to announce its success, du 
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The eagerness with which the details of M; Janssen’s chap.vih. 
seventeen days’ work in India were waited for may be 
imagined. In the meantime I had continued to apply the 
new method ; the few observations possible during the work. 
months of October and November had opened out a 
broad expanse of new fields of investigation and specula*- 
tion which a few months ago were undreamt of. Before, 
however, we pass to this later work, it will be well to refer 
to the details of M. Janssen’s observations, which arrived 
in Paris in due time. 

M. Janssen’s detailed account of his work, consisting of a 
report to the President of the Bureau des Longitudes, is of 
very high interest. During the eclipse he does not appear 
to have been more fortunate than the members of the other 
expeditions ; he is uncertain even as to the number of lines 
observed, whether five or six, but the uncertainty was not 
of long duration. M. Janssen was struck with the great 
brilliancy of the red flames, and the idea occurred to him 
that — we use his own word*— “ it might be possible to see 
them without an eclipse. Unfortunately, the weather, which 


Jansfen had made the discovery really two months before Mr. Lockyer, 
one month of the time being taken up in the transmission of the news 
from India. No doubt we should have heard very much more of this 
singular coincidence had not M. Faye, one of the most distinguished 
astronomical, members of the Academy, at once attempted a solution 
of the question of priority in a manner which reflects the. highest 
credit on him for his even-handed justice. He pointed out that, 
although M. Janssen had really been the first to succeed, Mr. Lockyer 
had first suggested the idea .in 1866, and also that Mr. Lockyer’s prior 
announcement depended really upon M. Janssen’s being in India. 
He did not forget, also, to indicate that Mr. Lockyer’s idea had re- 
mained long without fruit, and that not only had the observers of the 
eclipse not given any attention to it, but that the English observers 
u, .v ‘’"fitted to make any attempts to see the red flames after the 
^ had happened. He concluded by remarking : —‘instead, 
crefore, of endeavouring to apportion, and therefore to weaken the 
°* the discovery, is it not better to attribute the whole honour, 
rat li* any rescrvat >on, to both of these men of science, who, sepa- 
tr> t some thousands of miles, have each been fortunate enough 
astn Ca k- the ‘ ntan g*ble and the invisible by the method the most 
ceiv'-p’ 1 " P r °hably, that the genius of observation has ever con- 
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clouded over after the last contact, did not allow me to 
make any experiment that day. During the night the 
method and the means of observation were settled in my 
mind. On the morrow, the 19th, having got up at three, I 
made the necessary arrangements for the new observations. 
The sun rose without a cloud, and as soon as it was free 
from the low mists on the horizon I commenced work.” 

At last, precisely as it happened to me, a beautiful line- 
flashed up at C, then the existence of another at F was 
determined. The line at D was not observed by M. Janssen. 
Having determined these bright lines, M. Janssen’s atten- 
tion seems to have been entirely devoted to the indications, 
afforded by the varying brilliancy and leftgth of the lines, 
of the intense action going on, and he declares as a result 
of his investigations that the prominences “are the seats 
of movements of which no terrestrial phenomena can give 
any idea, masses of matter many hundred times larger 
than the earth changing both place and form in the space 
of a few minutes.” 


We now come finally to my later work, which branches 
off curiously enough from M. Janssen’s after the discovery 
and determination of the prominence spectrum. 

Between the 20th October and the 5 th November, my 
spectroscope had been rendered more complete (modern 
science is, alas ! very dependent upon complete instru- 
ments), and its next revelation startled me as much as the 
first one had done. The beautiful tell-tale lines added to 
their former story : not only were the prominences proved 
beyond all question to be hydrogen, but the fact, that they wen 
merely local headings up of a hydrogen envelope which entirely 
surrounded the sun was established. The examination & 
light froth all parts of the sun's edge showed that outside 
the photosphere the prominence spectrum was never absent, 
and I may add that since the day named, e#cpt once 
in a dense fog, it has never been absent from the nel 
of view of my instrument, whenever I have looked at t 
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sun __which, thanks to our terrible climate, has happened chap.viii. 
at intervals, alas ! few and far between. This envelope 
has been named the chromosphere, to distinguish it from 
the atmosphere on the one hand, and the white photo- 
sphere on the other. 

And here, before I go further, a retrospect is races- Retrospect. 
sary. When I commenced my observations, I had no 
idea that it had ever been suggested that the promi- 
nences were part of a continuous envelope. After I had 
established the existence of this envelope, an examination 
of Mr. Pe la Rue’s admirable photographs, and of other 
records, led me to believe that it had really been indicated 
over and over again, though the indications had been 
neglected. I have lately, however, been referred by Mr. 

De la Rue to a report by M. Le Verrier, which I had 
not previously seen, on the eclipse of i860, in which the 
idea of a continuous envelope is distinctly enunciated ; 
and since I have begun this article I have found that such 
an idea was suggested by Professor Grant before the eclipse 
of 1S51, from a most complete analysis of all the observa- 
tions made up to that time, and reported in his admirable 
“History of Physical Astronomy.” 1 It is true that Mr. 

Grant does not refer this third envelope to what we now 
know to be the right cause, but to him undoubtedly 
belongs, as far as I now know, the credit of having sug- 
gested that the prominences might be merely a part of 
such an envelope, while I have shown they really are 
As I have confessed my own prior ignorance of Mr. Grant’s 
masterly analysis of this matter, I may be permitted to 
express my surprise that it had been so generally over- 
looked ; so far as I am aware, such an idea was never 
broached either in connection with the eclipse of i860 or 
1868; whereas, had it been, the continuity of the enve- 
°pe might have been established easily by observations 
at P ro perly chosen stations, quite independently of the 
spectroscope. 
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In the same chapter Mr. Grant shows also that the 
early eclipses afford ample evidence that the prominences 
belong to the sun, although, as we have seen, this fact 
was not considered to be definitely settled till i860. 
To the hydrogen envelope, the existence of which, as an 
envelope, has now been established by means of the 
spectroscope, I have, at the suggestion of my friend 
Dr. Sharpey, given the name of Chromosphere, as it is 
the region in which all the various and beautiful coloured 
phenomena are seen. 

Here at last, then, is the veil somewhat uplifted— 
who shall dare to say how little? Under it we see 
the meaning of the “blood-red streak” observed 162 
years ago by Stannyan at Berne, — a meaning finally 
revealed to us by a process which renders the invisible- 
sensible to the human eye ; which allows us, as it were, 
to feel from world to world. And is this the end? No; 
the veil is still being uplifted, for modern science moves 
apace. Though “ Ars longa, vita brevis,’’ is, alas! still too 
true, its truth is not the old truth ; it is now becoming a 
question more of extent than of time. The wondrous 
cypher-band has other secrets to reveal, and it seems 
already as if we were about to dwarf our prior efforts to 
dive into the secrets of the sun. The spectrum is, in fact, 
a link which binds worlds so closely together, that every 
terrestrial laboratory is an observatory; and, per contra, 
the sun may teach us chemistry. 

At the beginning of my observations, the behaviour of 
one of the new bright lines was so strange and unexpected, 
that I was for a time completely puzzled ; its message was 
hard to read, but an alteration in the instrument made 
the matter clearer. The hydrogen spectrum at the upp er 
niveau of the chromosphere was different from the spec- 
trum of the lower level, — precious indications, going [ ar 
to prove that with patient research we may not only in " 
crease our knowledge of the hydrogen spectrum by obser 
vations of the prominences, but may arrive at a knowlcdg 
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of the temperature ahd density of these circumsolar 
regions. 

It is not a little singular that a method so clearly in- 
dicated in 1 8 66 should have waited till 1868 for its ulti- 
mate success, and the coincidence in time of my results 
with the receipt of the detailed news from India might 
lead one not in possession of all the facts to imagine that 
the success really depended upon the eclipse observations . 1 
Now, however, that we have the method, it may be 
safely affirmed that astronomers have, as it were, taken 
a new lease of the sun, and have work before them for 
many years to come. And as we have seen telescope 
give way to camera, and camera to spectroscope, a time 
will doubtless come when the spectroscope itself will give 
place to some other yet undreamt-of instrument, with which 
our children or children’s children will investigate the 
glorious problem of the sun. 

The story of the recent work must now for a time be 
interrupted in order that the fundamental points of the 
new science of Spectrum Analysis, on which so much of 
it has been based, may be placed as tersely as may be 
before the reader. 


Soe the discussion of this point further on. 
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chap. ix. The field of research which we are now about to con- 
sider is one which has been opened up so recently that 
it may be said that the spectroscope is to the men of 
science of to-day what the telescope was to Galileo and 
Fabricius. For even at the present time, although im- 
mense strides have been made during the last decade, 



Fig. 31. — Geometrical form of the pri«m. 


the science of spectroscopy roust st\\\ be considere 
in its infancy. And yet, so far as one can see no^" 
it is always very easy to prophesy after the event— tlic 
seems very little reason why the recent discoveries s ‘ 101 
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not have been made years ago ; for nearly two centuries 
have elapsed since the immortal Newton, following up the 
researches of Kepler and others, made his classical re- 
searches on the action of a prism upon sunlight 
In dealing with the application of spectrum analysis to 
solar physics, the first part of the story must neces- 
sarily in the main consist of an account of the prism and 



Fig. 32. — Prism mounted on a stand. 


the principles of the > spectroscope, and then of a descrip- 
tion of the various kinds of spectroscopes which are now 
employed in solar research; the applications of the spec- 
troscope with regard to terrestrial matters must also be 
touched upon, so that the full force of the method can 

grasped when we come to consider its application to 
the sun. 

Obviou^y, the first question wc have to answer is this, 
Vhat is a spectroscope ? This is answered by saying that 
a spectroscope is an instrument in which the action of a 
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prism or a combination of prisms is rendered most effectual. 
The next question, then, that arises, is, What is a prism ? 
Figs. 31 and 32 will give a good idea of what is meant by 
a prism, and little time need be spent ^.description. Let 
us rather come to its action. ’ 

If a beam of sunlight be allowed to enter a dark room 
from a round hole in a shutter, it will travel in a straight 
line from its source; and to make it deviate from this 
straight line, one of two things must be done. The beam 
must either be reflected or refracted. 

First, as to reflection. The reflection of light is of very 
ordinary occurrence, for when light strikes any polished 



Fig. 33.— Light passing through a plate of gtfi*s. 


metallic surface, or in fact a surface of any kind, it is more 
or less reflected by it. The phenomena of reflection are 
so well known, the use of the mirror or looking-glass being 
perhaps one of the most tangible, that no detailed reference 
need be made to them. 

Let us next interpose in the path of the ray of light a 
piece of glass, such for instance as window glass, the sur- 
faces of which are parallel (Fig. 33). Whether the gla-** 
is inclined to the beamor not, it will be observed that 
the direction of the beam through the room will not b e 
changed: the reason of this is, that when we get the light 
falling on the glass from the air, then travelling through 
the glass, and coming into the air again, under exactl) 
the same conditions, what. is done at the first surface— a n 
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something is done, aS we shall see presently— is exactly chap. ix. 
undone at the second, so that we get pretty much the ~~~ 
same effect as at first. But now, if instead of having the iTmedia 
fxlass bounded bfrparallel surfaces, we use a prism, the whose sur- 

b .. . ... , . . faces are nut 

sides of which ate not parallel, you will see that there is parallel. 



Fig. 34. — Images of object* seen through prisms. 


* distinct alteration in the effect produced ; the beam 
•s now forced to another portion of the wall altogether. 
The ray strikes the first side of the prism, and is bent 
towards the thicker part, or towards a line perpendicular 
to the surface on which it strikes ; and on reaching the 
second side of the wedge, the ray is again bent in the same 
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direction, towards the base of the prism ; in this case the 
ray is bent away from the perpendicular to the second 
surface, and the light emerges from the second surface 
in a totally new direction. An experiment may easily be 
tried, which will confirm this. Let a prism of glass be 
held, with an edge upwards, between the eye and a lighted 
candle, as shown in Fig. 34 ; it will be found that the candle 
cannot be seen ; but if the prism be gradually raised, the 
image of the candle will appear, the amount the prism 
will have to be raised depending ofPits angle. Now, we 
have here obtained a deviation or refraction of light, — that 
is. to say, it has been bent out of its course ; for we 
have to look upwards to see the candle. 

Now this effect and something more had been observed 
by Kepler, who thus refers to it in his “ Dioptrics : ” 1 

“ A riotna Scnsuale. 

“XVI. 

“Colores Iridis jucundissimi oriuntur cum refractio est 
tanta : idque tarn si oculi transpiciant quam si Sol trans- 
luceat. 

“ XVII. 

“ Sole prisma irradiante tria genera radiorum resultant, 
Sincerus, Vitri colore, et Iridis coloribus. 

“Sit enim F Sol. Is radiet in D. Hie quasi dividitur 
radii Solaris densitas, quas minima sui parte repercutitur in 
D I, et anguli, A D I, equali ipsi B D F quo illabitur. Sinccrum 
igitur radium, sed tenuem per P I vibrat in I. Sincerus est, 
quia in vitro tinctus non est, cujus corpus non ingreditur. 

" Potior autem pars de densitate ipsius F I> penetrat i> 
et refringitur in D E. In E vero rursum dividitur, ratione 
densitatis. Potior enim pars transit E, et propter geminam 
magnam refractionem colores Iridis jaculatur in G. 

“ Residuum ipsius D E tenue admodum repercutitur a 
superficie A c in EM: quod si D E paulo obliquius in Ah 

1 Dioptricc, sive demonstratioeorum quas visui ct visibilibus prop- 
ter Conspicilla, hoc est, vitra set! Crystallos pellucidos, accidunt.” 
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incidit, obliquius igitur in EM refringitur quam hie. Nam chap. ix. 
si minuas l)EA, erit et minuendus M EC, ex lege reper- 
cussus. Et sic denique E M in B C rectus incidet, itaque 



Fig. 35 — Copy of Kepler’s diagram. 


nihil in M refringetur. Cum autem FI) hoc pacto bis per- 
transierit corpus vitri, quippe semel in I) E, iterum in E M, 
exiens recta per M, radium vitri colore jaculatur in K, rectius 
tamen e regione ipsius A. Nam docemur ex opticis, radios 
lucidos tingi in mediis coloratis.” 

Now the refraction or bending of light takes place when Ref, action 
the ray passes obliquely from one medium to another of dif- 
ferent density, as from air into water, or from water into air. incident 
A simple experiment may be made by passing the beam of , ’i^^toRu 
light from above into a glass vessel containing water. If refracting 
the ray strikes the surface perpendicularly, it will be seen 
that no visible change takes place ; the ray simply proceeds 
directly into the water without altering its direction. If. 
however, the beam be allowed to fall on the surface of the 
water, say at an angle of about 45 0 , two things may be 
observed. In the first place a reflection will take place at 
the surface of the water, that is to say, the light will appear 
reflected at the surface, and it will be noticed incidently 
t tat the angle at which the reflected ray leaves the water 
ls precisely equal to that at which the incident ray strikes 
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chap, ix, the surface, thus proving the rule that the angles of in c i- 
Tk< dr a - ^ ence an ^ re fl ect j° n are equal the second ‘thing to be 
tum of ike noticed is that on entering the water the direction of the 
ray within beam of light will not be the same IS it was in the air 

the refraet* T . 

ingmetiium In Fig. 30, the ray R I, striking the water at I, instead of 

/> changed, • 



Fig. 3d— Path of the refracted ray. 


proceeding to R' is deflected or refracted to S ; that is, the 
ray will be bent downwards, or, what is the same thing, 
towards a line I P, perpendicular to the surface, to a definite 
extent, depending on the angle of the incident ray. The 
experiment may be varied by allowing the light to fall on 
the surface at various angles, when it can be shown that 



Fit;. 37, —Refraction of light. Apparent elevation of the bottom* of vessels- 


the angle formed by the ray refracted in the water varies 
according to the angle of the incident ray, and that tie 
angles formed are bound together by a regular law. 
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very instructive experiment is to place a coin at the bottom 
0 f a vessel, and then, standing so that the coin is just hidden 
by its edge, to gradually fill the vessel with water; the coin 
with the bottom of the vessel will appear to rise, and will 
become visible, as shown in Fig. 37. 

The amount of refraction varies with the medium 
employed, and also with its temperature. The effect of dif r 
ferent media can be clearly seen by passing a ray of light 
into a vessel, containing a liquid such as bisulphide of 
carbon, with a layer of water floating on the top. The 
ray will be seen to be bent on entering the water, and to 
be still more bent on passing _ from the water into the 
layer of bisulphide of carbon. 

We have now to see what ‘takes place when a ray of 
light enters a piece of glass. We will take first the case of 
glass with parallel sides. The ray on entering the glass at 
the upper surface is refracted downwards, as in the case of 
water, and travels through the glass until it reaches the 
under surface. Here we have precisely the reverse condi- 
tion holding, — that is, the ray of light passes from a dense 
medium to a rarer one ; the ray is refracted upwards or 
away from the perpendicular line, and thus will exactly 
neutralize the previous refraction, and the beam of light 
will come out in a direction parallel to its original path, 
though not quite in the same straight line: as shown in 
I‘‘g- 33> the ray, instead of proceeding in the direction of 
s', proceeds in the direction of S. 

So much for the deviation or refraction resulting from the 
action of a prism upon light, but there is another effect: 
the light, which was white on entering the prism, is separated 
mto several colours on leaving it : the candle as seen in the 
experiment in fact is not white, but is fringed with colours. 
If we again take our beam of light in the dark room, as in 
/'g* 38, and allow it to strike on a prism, so placed that 
lts e< Ig es arc horizontal, and also that the beam enter its 
0 hquely by one of its surfaces, and then receive the image 
0,1 a screen, avc see a band of colours which reminds us 
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chap. ix. strongly of the rainbow : the lowest colour, if the base of 
Therefra prism be upwards, will be red, next above orange, 

ted beam is passing by imperceptible- gradations to yellow, and after- 
eoieured* wards green, which then passes through the shades of 
greenish blue till it becomes a pure blue, then indigo, and 
finally ends with a violet colour. The transition from one 



Fig. j 8. — Decomposition of light by the prism. Unequal rcfrangibility of the colow* 

of the spectrum. 


colour to another is not abrupt, but is made in an impel; 
ceptible manner, so that it can scarcely be said, for in- 
stance, where the yellow ends or the green begins. 

The cause of this band of colours, or spectrum, as it !S 
called, was first discovered by Sir Isaac Newton ; and. here 
we see the birth of Spectrum Analysis. He took one o 
the colours thus produced — say red, as is shown in ^ lc 
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figure— and made it pass through a second prism, receiving chap. ix. 
the image on a second screen ; the image was found to be The colours 
rather longer, but the colour remained unaltered. This ex- of the spa-, 
periment proves that this colour of the spectrum is simple, ^teagaiu 



Fio. 39.— Unequal refrangibility of two differently coloured lights. 


and the same has been found of all the others. As Newton broken up 
>n his experiment operated with sunlight, the band, of 
colours was in this case called the solar spectrum. The 
rainbow is nothing more nor less than a solar spectrum, 
caused by refraction in the rain drops, 
l et us next take two beams of differently coloured light, 
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cua£. ix. red and blue for instance, and pa§S them through.the same 
ne prism. We see that the action of the prism on these two 
different differently coloured beams is unequal ; in other words, we 
eelmrt are g et th e re( j {j eanl deflected to a certain distance from a 
different straight line, and the blue deflected to a certain other 
de&ees. distance. We see by this experiment that there is a dis- 
tinct difference in the amount of refrangibility — that the 
red light is not diverted so far out of its original direction 
, by the prism as the blue. And thisUeads' us to Newton’s 
first proposition, which is this: "Lights which differ in 
colour differ in refrangibility." 1 This requires no explana- 
tion ; it maybe translated— Lights which differ in colour 
are differently acted upon by a prism. 



F:g. 40. — Recomposition of white light by means of a second prism* 


We now approach Newton’s great discovery, which is 
this : “ The light of the sun consists of rays differently re- 
frangible 

Let us take a beam of sunlight this time, and make it 
pass through a prism, bearing in mind the former experi- 
ment : we shall see then that the action of the prism is at 
once to turn that beam into a beautifully coloured band, 
which reminds us of a rainbow. It, was this which Newton 
did in a dark room, which led him to his important dis- 
covery^ — that white light is compounded of light of different 

1 See Appendix for extracts from Newton’s “Optics.” 
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,kerecs of refrangibUitft'H&\A how is it possible to show chap. rx. 
the truth of Newton’s assertion that white light is com- j{ 0W ^ itl . 
pounded of these different colours ? We can do so by light u re- 
simply placing in the path of the coloured beam another Pouted. 
prism placed in a contrary direction, as shown in Fig. 40. 

In the same way white light may be reproduced by means 
of a lens (Fig. 41). We see in a moment that we get 



hack white light ; for the second prism exactly neutralizes 
the effect caused by the first, and the ray proceeds as if 
nothing had happened. 

This can be shown by an experiment of a different order. 
If a disc, divided into sectors and coloured with the prin- 
C| pal colours of the spectrum, as shown in Fig. 42, be 
taken, and if it be true that the idea of white light is 
slm P ] y aiv idea built up by the eye, because we have all 
these multitudes of light-waves perpetually pouring into it 
wnh a velocity that is very much greater than anything 
which can be translated into words, surely we should get 
something like this effect also if we were able, by rapidly 
rotating the disc, to obtain a more or less perfect substi- 
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tute for white light. The colcftired disc being made to 
rotate rapidly, we obtain something like an approximation 
to white light. To show that this is really an effect due 
to the flowing in of light from differently coloured parts of 
the disc into the eye, and so forming this compound 
impression which is conveyed to the brain, we can vary 



Fti,. 4^. — Recomposition of white light by means of a rapidly t evolving disc, 
coloured in sectors. 

thft experiment in this wise. Instead of illuminating the 
disc continuously by the electric lamp, or by sunlight, 
illuminate it intermittently, by an electric spark ; then, 
although the disc is rotating rapidly all the time, each 
separate colour is discernible, and the disc appears to stand 
still. The reason of this difference is, that in one case the 
rotation of the wheel builds up a compound image in the 
eye, and in the other case it cannot do so, because the 
flash of the light is much more rapid and instantaneous 
than the rotation of the wheel. 

There is one more experiment which can be easily made, 
to show that all the beautiful colour which we get ,n 
nature is really reflected after all, and that if our sunlight- 
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instead of being polycfffdmatic — that is to say, compounded 
of all these beautiful colours — were monochromatic, or of 
one colour only, the whole expanse of creation would put 
on a very different appearance from what it does. If, 
instead of illuminating a diagram, the letters of which are 
of different bright colours, by the white light of the 
electric lamp, we illuminate it by a light that only contains 
one colour — by the yellow light of sodium, for instance— and 
then look at it, we see^hat some of the letters upon it are 
almost invisible, whilst others are very clear, the yellow 
light only allowing a difference to be seen of more or less 
depth of shade — there being no difference in colour. But 
if we allow the polychromatic light of an electric lamp or 
of the sun to fall upon ihe* diagram, we at once see all 
the letters in different colpurs. This experiment feebly 
indicates the advat^age we possess in living in a uni- 
verse lit by white, 'or polychromatic, or many-coloured 
light, instead of light which is merely blue, or yellow, or 
any other single colour. 

Hitherto we have spoken of refraction. We will now 
introduce the word dispersion , which represents simply a 
measure of different refractions, or the difference between 
the bending of the red and the violet rays of light. In an 
ordinary spectrum, the difference between the red and the 
violet is the difference of the refractions of those two 


colours by the prism ; and the angle which the red, or 
yellow, or other colour, forms with the original path of the 
compound-beam, is called the angle of deviation of that 
colour. 

There is one other consideration which we owe to 
Newton. In his very first experiments, that great philo- 
sopher discovered that the quality of the spectrum de- 
pended very much on the following consideration : — If we 
wish to get the best possible effect out of a prism, and the 
Purest possible spectrum, we have so to arrange it that 
tllc Particular ray which we wish to observe, whether the 
yellow, the blue, the green, or any other, leaves that prism 
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at exactly the same angle as the irieklent compound ray 
falls on it. This angle is termed the angle of Minfin uni 
deination. 

It is very curious, however, that Newton, although he 
made many experiments on prisms, really omitted one of 
the most important points ; and here again we get an 
idea of the enormous patience iphich is necessary in these 
matters, for we had to wait a century and a quarter before 
the next essential point was hit upon which has helped us 
in our study of the solar spectrum. Newton made a round 
or oblong hole ft a shutter- for Jus experiments, but we 
now know he ought not to|,Jil|tve done that ; he ought to 
have made a slit. But thjg did pot c^me out until 1802, 
when Dr. Wollaston, by merely^|ljBy| slit instead of a 
round hole, made a tremendous ^^^jPpdtvance— the real 
basis of all the modern work Pfhh® has 4 be$n done in 
solar physics by means of the spectroscope. The im- 
portance of this is obvious. Suppose we take a cylindrical 
beam of sunlight and pifl a prism in the path of the 
beam, we observe that the spectrum is hot a pure one ; 
but if we change the round hole for a slit, we obtain 
a spectrum of the greatest purity : the red, blue, green, and 
violet, instead of overlapping and destroying the beauty of 
the spectrum, show distinctly as simple colours, each one 
speaking for itself on the screen. By using this narrow 
slit instead of the round hole which Newton made in the 
shutter, we got the first idea of the tremendous importance 
of spectrum analysis; for no sooner had Dr. Wollaston 
examined the sunlight with the new arrangement, as 
Newton had done a century and a quarter before with the 
old one, than he found out that it was not at all as. Newton 
had represented it. Newton told us, in fact, that the sun- 
light was continuous ; that is to say, that the spectrum was 
one in which there was no break in the light which flowed 
out to every part of the spectrum, from the extreme red to 
the violet. When Dr. Wollaston tried the slit, lie found, 
however, that the spectrum; instead of being an unbroken 



the birth of spectrum anal YS1S. 


* # 


rainbow band of light, was really broken by a succession of chap. ix. 
fi n c-4>eautifully fine — black lines. 

Here is an extract from Wollaston’s communication to 
the Royal Society : 1 — 


“ I cannot conclude these observations on dispersion without re- 
marking that the colours into which a beam of white light is separated 
by refraction appear to me to be neither seven, as they usually are 
seen in the rainbow, nor reducible by any means (that I can find) to 
three, as some persons have concaved ; but that, by employing a very 
narrow pencil of light, four primary divisions of the prismatic spec- 
trum may be seen with a degree of distinctness that 1 believe has not 
been described nor observed before. „ 

If a beam of daylight be admitted into a daflk room by a crevice 
4 of an inch broadband received by the eye, at the distance of tenor 
twelve feet, through pristfi M free from veins, held near 
the eye, the beam is s$«jt| i$*be sep^fhted into the four following 
colours only : red, yeUJj||g|&£ecn, blue, and violet ; in the propor- 
tions represented in line a that bounds the red side 


H?v 

A_ 


hit;. 43. —The first observation of Fraunhofer’s lines 




Wollas- 
ton's 
paper . 


( >f tiic spectrum is somewhat confused, which seemed in part owing 
to want of power in the eye to converge red light. The line is, between 
rod and green, in a certain position of the prism, is perfectly distinct ; 
*0 also are D and E, the two limits of violet ; but c, the limit of green 
and blue, is not so clearly marked as the rest : and there are also, on 
of this limit, other distinct dark lines, /and g y either of 
of ti 1 m an * m P er ^ ect experiment might be mistaken for the boundary 
these colours. The position of the prism in which the colours are 
ttost clearly divided is when the incident light makes about equal 
' n * es with two of its sides. I then found that the spaces A B, B c, 

> r) E, occupied by them, were nearly as the numbers 16 23, 36 25, 

‘ ace . r P ro P or ri°n5 of these colours to each other have been sup- 
| u cc 7 ^ r - Blair to vary according to the medium by which they 
mu P rc) duced, I have compared with this appearance the coloured 
bv ln CS Caus ?^ V y prismatic vessels containing substances supposed 
y m t0 differ most in this respect, such as strong but colourless 

Philosophical Transactions, 1802, part i. p. 378. 
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chap. ix. nitric acid, rectified oil of turpentine, very pale oih of sassafras, and 

Canada balsam, also nearly colourless. With each of these I have 

Woilas" found the same arrangement of these four colours, and, in similar 
ten's positions of the prisms, as nearly as 1 could judge, the same propor- 
tions of them. 

“ But when the inclination of any prism is altered so as to increase 
the dispersion of the colours, the proportions of them to each other 
are then also changed, so that the spaces AC - CD, instead of being, 
a» before, 39 and 61, may be found altered as far as 42 and 48. 

“ By candle-light a different set of appearances may be distinguished. 
When a very narrow line of the blue light at the lower part of the flame 
is examined alone, in the same manner, through a prism, the spectrum, 
instead of appearing a series of lights of different hues contiguous! 
may be seen divided into five images at a distance from eacfiothcr. 
The first is broad red terminated by a bright line of yellow, the second 
and third are both green, the fourth and fifth are blue, the last of 
which appears to correspond with the division of blue and violet in 
the solar spectrum and the line D of Fig. 43. 

“When the object viewed is a blue line of ^electric light, I have 
found the spectrum to be also separated into several images, but the 
phenomena are somewhat different from $he preceding. It is, however, 
needless to describe minutely appearances which vary according to the 
brilliancy of the light, and w hich I cannot undertake to explain.” 

Although these lines were observed by Dr. Wollaston, it 
was not until 1814 that we find them mapped out with the 
greatest care, to the number of 576, by a German optician 
named Fraunhofer, whose work was quite independent of 
Wollaston's ; hence they are termed “ Fraunhofer lines,” 
the principal ones being lettered A, B, C, &c. 

Fraunhofers work will be gathered from the following 
extract from his communication to the Munich Academy: 1 

Fmun - “ Into a dark room, and through a vertical aperture in the window- 

ho prs shutter, about 15” broad and 36" high, I introduced the rays of the 

paper. sun upon a prism of flint-glass placed upon the theodolite ; this instru- 

ment was 24 feet from the window, and the angle of the prism was 
nearly 60* The prism was placed before the object-glass of the 
telescopy so that the angles of incidence and emergence were equal. 
In looking at this spectrum for the bright line which I had found 
in a spectrum of artificial light, I discovered, instead of this line, an in - 
... finite number of vertical lines of different thicknesses . These lines are 
darker than the rest of the spectrum, and some of them appear 
entirely black. When the prism was turned so that the angle of 
incidence increased, these lines disappeared, and the same thing 

. l Denkschriften der K \ Acad, der Wissenschaften zu Munthe'U 
1814-15, Band 5, pp. 193—226. Translated in Edinburgh Philo- 
sophical Journal, vol. ix. p. 296, and vol. x. p. 26, 1823. 
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happened when the angle was diminished. If the telescope was c:hai\ j* # 
considerably shortened, these lines reappeared at a greater angle of - 
incidence ; and at a smaller angle of incidence the eye-glass required Fraun - 
to be pulled much farther out in order to perceive the lines, if the .hvfir's 
eye-glass had the position proper for seeing distinctly the lines in the fa/er. 
red space, it was necessary to push it in to see the lines in the violet 
space. It the aperture by which the rays entered was enlarged, the 
finest lines were not easily seen, and they disappeared entirely when 
it was about 40". 

“If it exceeded a minute, the largest lines could scarcely be seen. 

The distances of these lines and their relative proportions suffered no 
change, cither by changing the aperture in the shutter, or vary ing the 
distance of the theodolite. The refracting medium of which the 
prism is made, and the size of its angle, did not prevent the lines 
from being always seen. They only became stronger or weaker, 
and were consequently more or less easily distinguished in proportion 
to the size of the spectrum. T he proportion even of these lines to one 
another appeared to Jje the same for all refracting substances ; so that 
one line is found only in the blue, ^mother only in the red, and hence 
it is easy to recognize those which we arc observing. The spectrum 
formed by the ordinary and extraordinary pencils of calcareous spar, 
exhibited the same lines. •„ The strongest lines do not bound the 
different colours of the spectrum, for the same colour is almost 
always found on both sides of a line, and the transition from one 
colour to another is scarcely sensible. 

Fig. 44 shows the spectrum with the lines such as they are actually 
observed. It is, however, impossible to express on this scale all the 
tines and the modifications of their size. At the point a the red nearly 
terminates, and the violet at I. On either side we cannot define with 
certainty the limits of these colours, which, however, appear more 
distinctly in the red than in the violet. If the light of an illuminated 
cloud falls through the aperture on the prism, the spectrum appears 
to be bounded on one side between o and H, and on the other at « : 
the light of the sun, too, of great intensity, and reflected by a heliostate, 
lengthens the spectrum almost one-half. In order, however, to observe 
this great elongation, the light between C and G must not reach the 
oye, because the impression of that which conics from the ex- 
tremities of the spectrum is so weak as to be extinguished by that 
of the middle of the spectrum. At a we observ e distinctly a well- 
defined line. This, however, is not the boundary of the red , which 
stdl extends beyond it. At a there is a mass of lines forming together 
•1 band darker than the adjacent parts. The line at i> is very distinct, 
and of a considerable thickness. From c; to u may be reckoned nine 
vcr y delicate and well-defined lines. The line at c is broad and black like 
h - Between c and D are found nearly thirty very fine lines, which, 
unvever, with the exception of two, cannot be perceived but with a 
^gn magnified power and with prisms of great dispersion ; they are 
asides well-defined. The same is the case with the lines between b 
** nc ; Fhe line r> consists of two strong lines separated by a bright 
I* nc ; Between n and k we .-recognize about eighty-four lines of dif- 
s,zcs * that at E consists of several lines, of which the middle one 
lc Wrongest. From E to b there are nearly twenty-four lines ; at 
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b there are three very strong ones, two of which are separated by a 
tine and dear line; they are among the strongest in the spectrum. 
The space b F contains nearly fifty-two lines, of which f is very strong. 
Between F and G there are about 185 lines of different sizes; at g 
many lines are accumulated, several of which are remarkable for their 
size. From G to H there are nearly 190 different lines. The two 
bands at IT are of a very singular nature: they are both nearly 
equal, and are formed of several lines, in the middle of which there 
is one very Strong and deep. From H to 1 they likewise occur in 
great numoerst* Hence it follows that in the space u h there are 
574 lines, the strongest of which are shown in the figure. The 
relative distances of the strongest lines were measured with the 
theodolite, and placed in the figure from observation. The faintest 
lines only were inserted from estimation by the eye. 

“ Various experiments and changes to which 1 have submitted thes§ 
lines convince me that they have their origin in the nature of the 
light of the sun, and 4 that they cannot be attributed to illusion, to 
aberration, or any otber secondary cause.” 

He then points out that in transmitting the light of 
a lamp through the same aperture we observe a line in the 
yellow which occupies exactly the same place as D in the 
solar spectrum. We shall return to this point presently. 
The paper then goes on : — 


“It is easy to understand why the lines are not well marked, and 
why they disappear if the aperture of the window becomes too large. 
The largest lines occupy nearly a space of from 5" to 10". If the 
aperture is not such that the light which passes through it cannot be 
regarded as a single ray, or if the angle of the width of the aperture 
is greater than that of the width of the line, then the image of the 
same line will be projected several times parallel to itself, and will 
consequently become indistinct, and disappear when the aperture is 
too great. The reason tvhy in turning the prism we cease to see the 
hnes unless the telescope is lengthened or shortened, may be thus 
explained : — 

he emersion of the rays in respect to their divergence is similar 
to their immersion only in the case where the angles of incidence and 
emergence are equal. If the first angle is greater, the rays after re- 
daction will diverge, as it were, from a more distant point ; and if it is 
smaller, from a nearer point. The reason of this is that the path of 
, le ra y s which pass nearer the vertex of the prism is shorter than 
tl u J t °* those which pass at a greater distance from the vertex. Hence 
t ?. e an gles of the refracted rays are not changed, but the sides of the 
uangles for the emergent rays ought to be in the one case greater 
A // In ot ^ er smaller. This difference ought to vanish if the rays 
me ^Parallel directions on the prism , which is also proved by expert- 
tliooi ™ t ^ le v *?i ct r ays have by the object-glass of the telescope, 
l, gn achromatic, a focal distance a little shorter than the red rays. 
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chap. ix. we see clearly why it is necessary to displace the eye-glass in order to 
— 7 perceive the lines distinctly in the different colours, 1 

“As the lines of the spectrum are extremely narrow, the apparatus 
must be very perfect in order to avoid all aberration, by 5 which the 
lines may be rendered indistinct and even dispersed. The sides of 
the prism ought consequently to be perfectly plain, and the glass of 
which the prisms are made ought to have neither Scratches nor stria?. 
With English flint-glass, which is never entirely free of these stria/ 
we can only see the strongest lines. Common glass, and even .the 
English crown glass, contain many stria?, though they are not always 
visible to the eye. Those who cannot procure a perfect prism of 
flint-glass should use a fluid of great dispersive power, such as oil of 
anise-seeds, in order to see all the lines. In this case the prismatic 
vessel ought to have its sides perfectly plane and parallel. In general 
tp# sides of all the prisms should form an angle of 90^ with their 
base, and this base ought to be placed horizontally befdftj the tele- 
scope if the axis of the telescope is horizontal. The narrow aperture 
by which the light passes ought to be exactly vertical. The reason 
why the lines become indistinct if any of the conditions now men- 
tioned are neglected, may now be readily understood.” 

If, therefore, we say that solar spectroscopic? inquiry 
dawned with Newton, certainly the sun began to rise with 
Wollaston and Fraunhofer. 

The solar spectrum, then, as we have said, far from being 
continuous, is crossed by an almost innumerable number of 
dark lines, some being fine and others thicker and blacker. 
But* our knowledge of the spectrum is now very much 
mofe complete than in Fraunhofer’s time, as our means of 
observing it have been enormously developed. 

We have now to pass on about thirty years, when Mr. 
The un- Simms , 1 an optician of world-wide reputation, and Pro- 
firmaments fessof Swan , 2 independently of each other, made another 

of Simms , . . • % . v * A 

nud very important improvement in the spectroscope. Instead 
Sww - of merely using a prism and observing the slit with the 
naked eye, they placed a lens in front of the prism, so 
arranged that the slit was in the focus of the lens. 
The light which is allowed to pass through the slit is 

1 Mem. R. A. S. 1839, vol. xi. pp. 168 and 169. Mr. Simms in this 
paper (describing the measurement of the refractive index of the optical 
glass prepared by the late Dr. Ritchie) states, “ The only novelty 01 
any consequence in this instrument [ the spectroscope employed J i> 
the substitution of a collimator in place of a slit in a window shuttei. 

* Trans. Roy. Soc. Kdin. 1847 and 1856. 
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thus turned into a cylindrical beam, and thus the light 
falls parallel on the full face of the prism, as Fraun- 
hofer suggested it might do (and which method he seems, 
from the part of his paper near the bottom of page 
151 I have italicized, to have used), with great advan- 
tage as to the quantity of light used and also to fine 
definition. Ittien, instead of having merely the eye to 
observe the spectrum, as Wollaston had, Fraunhofer’s 
observing telescope is retained, which grasps the circular 
beam and compels it to throw an image of the slit,., 
which may be magnified at pleasure. We thus see 
how closely connected * are the grandest discoveries with 
the skill and suggestiveness of those who supply different 
instruments for our use. In the instrument then devised 
by Swan and Simms, we have the modern spectroscope. 
We have next to trace its growth, and the influence of 
its growth upon the study of solar physics. 
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c hap, x. How then do we in our modern sun-work' gCl l^^Qnd the 
« jEjfatH results achieved by Fraunhofer? The %>^|^|iySi.^ues- 
thnsity tion in the main is that we employ tnore > efisp^rsimp but 
?>n Its'jis* °^ ier points have also been alluded to. Let il^f consider 
p<.rsuHi: the question of dispersion first. As we have already seen, 
#Mis is the measure of the difference of the refrangi- 

biiities of the variously coloured rays. If we take a prism 
(frtiich appears like an ordinary one, but really is composed 
&£ several layers of different kinds cf glass, arranged hori- 
i&n tafiy, and pass a beam of light through it, the beam 
laiiflibe differently acted upon by the various layers, and 
Shall get a difference in the dispersion. We shall have 
several distinct spectra, showing that there is something 
in the different layers of which this prism is composed 
which turns the light out of its path, and which disperses 
it more in some cases than it does in others. The cause 
of this is the different density of the glass composirtg 
each layer: some kinds of glass are nearly twice as 
heavy as others. It is a very natural conclusion, there- 
fore, that the heavier and denser glass should* have a 
stronger action on the light, should give Ha wider spectrum, 
and thus enable us to study it better, than the lighter 
glass docs — and fortunately we are not limited to glass , 
for if we were, we should not be able to go so far in these 
inquiries as wc do. So that, if* wc want great dispersion, 
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W c most, use /heavy glass, or leave glass behind alto- 
gether, as amongst the liquids we find some, such as bi- 
sulphide of carbon”, which give even a greater dispersion 
twin the densest glass. There is another consideration. 
Thov dispersive power and refractive power depend not 
only upon the density of the glass, but on the refracting 
angle XL the pristn. If a beam of light is sent through 
two prisms of unequal angles, the effect is extremely 
distinct. Thus, if we take one prism with an angle of 20 °, 


and another with §n i angle of 6 o°, the larger angle gives 
a much gfealer' devialton'' and dispersion. And now a 
third point. There is no reason why we 

should niit empfoy many prisms, and in practice this is 
don?. we have a single prism of a dense sub- 

stance; by increasing the angle we get increased dis- 
persion, and then we get it still further increased by adding 
another prism, and so we go on, adding prism aftej 
prism, until we get to a large number of prisms arrange 
in the best possible manner for the light to be successive 
dispersed by each of them, until at last we get a dispers 
of such an enormous amount, that the spectrum of 
sun, as mapped by Kirchhoff and Bunsen, is several ya 
in length, although it is nothing but a succession of images; 
of one of the finest slits which our best opticians are lable 
to make. 


<:hai\ x 


lijf ea of 
the refract- 
ing angle 
of the 
prism. 


We have before seen that our knowledge of the solar spec- 
trum depends first of all on Newton’s work with the prisfm in 
*675, and on the fact which Newton found out incidentally, 
that it is important that the prism should be used at the 
angle of minimum deviation. We then get the slit added 
by Wollaston in 1812; then the collimating lens added 
by Swan and Simms, about 1840; and now we have 
arrived at the spectroscope improved and modified as an 
instrument, until at last we get spectroscopes so arranged 
that the glass is of the finest possible material, and the densest 
possible , the angle the largest possible, and the number of 
pusnis as great as possible. 
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There is a consideration of great importance which 
conies in here. If the angle of a prisrii be large, a ray of 
light travelling from one prism to another enters the second 
at an extremely small angle, under which circumstances a 
large amount of light is reflected, but still it is not better 
to use a greater number of prisms of a smaller angle than 
a smaller number of a larger one — in fact, an angle of about 
66° is the one generally chosen Mr. Grubb, however, 
makes compound prisms in which the dense flint has 
an angle of 90° or upwards. With* this angle the light 
would not enter the prism at all. In order to avoid this 
and still render available the larger dispersion, a prism of 
crown glass is cemented on to each face of the prism of 
dense glass, with its refracting angle in the opposite direc- 
tion to that of the large prism. These are of such angle 
that their outer surfaces would if produced intersect at 
an angle of about 6o°. The light is thus enabled to enter 
the combination at an angle at which little is lost. 

Again, it should be clear that in spectroscopes of many 


prisms it is essential that there should be some arrange- 
ment by which each part of the spectrum should be 
observed with each prism at the angle of minimum de- 
viation for that ray. This may be done in many ways. 
Another consideration, besides the purity of the glass, is 
f' rfjuinJ. the perfect figure of the slit. It might be imagined that 
the slit of a spectroscope was perfectly easy to make ; but, 
judging by the results of the manufacture, it is extremely 
difficult, for a perfect slit is stilt very rare, the best being 
made by Steinheil of Munich. Spectroscopes are now 
constructed with one, two, four, seven, or more prisms, the 
number depending on the purpose for which they are to be 
employed. The instrument shown in Fig. 45 may be called 
a chemical spectroscope, for an instrument of this kind is 
now almost as important and essential in a chemical 
laboratory as a balance. A spectroscope with two prisms 
is shown in Fig. 46 ; this is used in cases when rather more 
dispersion is desired than can be obtained with the one- 
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prism instrument. When, however, any accurate and cma'i-. x. 
elaborate Work has to be done, such as in carrying out 



many investigations, more prisms have to be emplpyed. 
The engraving given in Fig. 47 represents an instrument 



Fig. 46. — Spcct roscupe with two prisms. 


which historically is extremely interesting, as being the 
onc which Kirchhoff made his most elaborate and 
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chap. x. accurate maps of the solar spectrum ; it is furnished with 



47. — Stemhetl’s form ot four-prism spectroscope, a, collimator ; «, observing 
telescope. 


a battery of four large prisms, which give an enormous 
deviation and dispersion. Fig. 48 represents the simple 



48.— Bunsen's first form ol spectroscope, a, bo* to hold the prism; ». ccilh"!- ^ 
t;, observing telescope; D, Bunsen’s burner; ft, holder; F, prism ; <5, reflector, » 
handle to move prism. 

instrument used by Kirchlioff and Bunsen in their earlier 
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■ nuirics. Spectroscopes of many prisms can only be em- chap , x. 
”ed in the case of strong lights, such as that of the 
sun or the electric atcj as the light is much dispersed or 
spread out, and much is lost by reflection. 

As the principle of construction is almost the same in all Description 
kinds of spectroscopes, it will be well to commence with fos/jpT 
a description of the simplest form, namely that with one 



Fig. 49. — .Spectroscope vvilw uitlectcu scuic. 


prism, as shown in Pig. 49. It will be seen to consist of a 
circular tabic, supported by a pillar and three legs, carrying 
three lateral tubes : the right-hand tube is called the colli- 
mator, and holds at its outer extremity the fine slit, the 
width of which can be regulated to a nicety by a micro- 
meter screw ; the other end of the collimator is furnished 
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with a lens, which serves to collect the rays of light comino 
from the slit, and to render them parallel before falling on 
the prism in the centre of the table. The prism is so 
placed and fixed by a clamp that the light entering the 
slit from the source of light, shown in the figure as a gas 
lamp, strikes it and leaves it at what is called the angle 
of minimum deviation, a term which has already been 
explained ; after passing through the prism, in which the 
light undergoes both deviation and dispersion, the spectrum 
is observed by the telescope on the left, which is simply a 
small astronomical telescope of low magnifying power. 
There are two methods of measuring the position of the 
lines in spectra. The telescope may be attached to a 
movable arm, which can be directed to any part of the 
spectrum that may be required ; and the outer edge of the 
circle along which the telescope moves, may be graduated 
with an accurate scale of degrees, which can be divided 
with more or less minuteness, according to the precision in 
the exact position of the dark lines, &c. in various spectra 
required. In this method the line to be measured is 
brought into the centre of the field of view of the observ- 
ing telescope, and the position of the telescope read off. 
Of course if the line measured is situated in the red end 
of the spectrum, the telescope will be in a different position 
from that it would occupy if the line were in the blue end. 
The second method of measurement may be gathered 
from Fig. 49. It consists of a short tube carrying at its 
outer extremity a small photographic scale, which is illumi- 
nated by a candle flame t the beam passing from the pho- 
tographic scale is rendered parallel and thrown on the 
surface of the prism by means of a lens in the tube carry- 
ing the scale, and is reflected by the last surface of the 
prism up the observing telescope, so that it is seen as a 
bright scale on the background formed by the spectrum 
under observation. 

By covering up one part of the slit by a reflecting 
prism, it is possible to observe the spectra of two Hg *■ 
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sources at the same time. The modus operandi will be 
gathered from the accompanying woodcuts. 
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Fir.. 50. — Steinheil’s slit, showing 
reflecting prism. * 

r ir,. 51.— Path of light through reflect* 
' ing prism and into the slit, p, light 

observed directly; l, light observed 
by means of the prism ; c , </, / t re- 
flecting prism ; r, slit. 

We have now an idea of the action of the simple prism. 
Another kind of prism, which differs from the simple one 
very much as the achromatic telescope differs from the non- 



instr° mat * C ° ne — w k* c h was the first attempt made at an 
n °ticd C T . astronom ‘ ca l observation — is next to be 
Cons . e . ‘ y* e object-glass of a telescope, as now constructed, 
course S ° , WO * enses made of different kinds of glass. Of 
we have dispersion and deviation at work in both 
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these kinds of glass, but the lenses are so arranged, and 
their curves are so chosen, that, as a total result, the 
deviation is kept while the dispersion is eliminated, so that 
in the telescope, we have a nearly white image of anything 
which gives us ordinary light, although it is by the devia- 
tion alone that we are enabled to get the magnified image 
of that object. So also in the spectroscope we have an 
opportunity of varying the deviation and the dispersion. 
By a converse arrangement we can keep the dispersion 
while we lose the deviation ; in other words, we have what 
is called a direct-vision spectroscope. If we take one com- 
posed of two prisms of one kind of glass which possesses 
a considerable dispersive power, and three prisms of another 



Flo. 53. — Direct-vision prism with three prisms, p, crown ; flint. 


kind which does not disperse so strongly, arranged with 
their bases the opposite way, the deviation caused by the 
two prisms in the one direction will be neutralized by the 
deviation of the three prisms in the opposite direction ; 
whilst the dispersion by the two prisms exceeds that which 



Fig. 54.— Direct* vision prism with five prisms. 

is caused by the three prisms in the opposite direction, 
the latter dispersion, therefore, will neutralize a portion 
only of the dispersion due to the two prisms. The fi°a 
result is that there is an outstanding dispersion after t e 
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deviation has been neutralized, so that when we want to chap. x. 
examine the spectrum of an object we no longer have to 
look at it at an angle. We have an opportunity, by this 
arrangement, of seeing the spectrum of an object by looking 
straight at the source of light : in the application of spec- 
trum analysis, especially to the microscope and telescope, 
this modification— due to M. Janssen, the well-known 
astronomer, who was the first to bring it into general notice 
—is one of great practical importance, so that in any re- 
search which does not require excessive dispersion, this 
direct-vision arrangement is getting into common use. 

We must now r go a little more into detail, principally Detail, w 
with regard to the spectroscopes used in connection with 



Fm. 55, — .Telespectroscope of small-dispersion. (Huggins.) 


c ^ SCo P es f° r work on the solar and other spectra. One 
‘ ss ot spectroscopes thus applied to telescopes is arranged 

M 2 
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chap, x, for observing the spectra of the sun when great dispersion 



is not required : these, therefore, serve at the same time 
for observation of the spectra of stars, nebulae, &c., and 



Fic. 57. — Plan of spectroscope. T, cye-picce end of telescope; », int fj 0r r :, ms ’ ; 
carrying a, cylindrical lens ; d, slit of spectroscope ; c, collimating lens ; a a, P r 
Q, micrometer, (Huggins.) 

another with a much greater dispersive power for observing 
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the spectrum of the sun specially. In both spectroscopes the 
arrangements employed are similar, and include those of the 
instruments that have been already described, but there are 
others necessitated by the attachment to the spectroscope. 
The spectroscope is attached to the eye-piece end of the 
instrument, and the image formed by the telescope is re- 
ceived on the slit plate. A finder on the side of the 
telescope is used which enables the image of the star to 
be brought on the slit of the spectroscope ; while, in the 
case of the sun, its image can be thrown on the slit 
screen without such aid, and any part of the image may 
be brought on the slit by mere inspection. Arrangements 
are necessary in the case of the star spectroscope (i) for 
widening out the spectrum — this is done by a cylindrical 
lens ; and ( 2 ) for obtaining a spectrum of comparison — 
this is done by reflecting into the instrument the light 
of the vapours to be compared, rendered incandescent by 
an electric spark. Spectroscopes of this class are also 
nude with direct-vision prisms, as in the accompanying 
one used by Father Seech i. 


CHAP. X. 


A ttachmait 
to telescope. 


Necessities 
of a star 
spectro- 
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£ 



Fig. 58. — Direct-vision star spectroscope. (Secchi.) 


In the spectroscopes in which great dispersion is not 
required, the number of prisms, and the consequent devia- 
hon and dispersion, are small. The accompanying wood- 
cuts will make their detailed construction quite clear. In 
, le . case spectroscopes used only for the sun, the de- 
Vlat,on and dispersion required are large, the deviation 
a 'Counting to over 300* ; that is to say, the ray of light is 
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chap. x. bent through almost a complete circle ; the light from stars 
is dim, and many prisms cannot be employed to widen out 
the spectrum, but, in the ease of the sun, there is light 



Fltv. 59. —Sun *pectn>-ci:pe. tf. collimator; ol>*crvinfl telocopc ; h and M, two 
micrometers ; t, 2, 4 , 4. 5 * It prism*. 


sufficient to give us a bright spectrum after it has been 
enormously dispersed. 



telescope; m, micrometer. 


Figs. 59, 60, and 61 show very powerful spectroscopes 

to be attached to the telescope for observing the spectrum ^ 

the sun. One peculiarity of the instrument in Fig- 61 ls * ul 





the modern spectroscope. 


167 


the ray oflight, having passed once through the lower part chap. x. 
of the train of prisms, is received by a right-angled prism , 1 
which totally reflects the light twice, sending the ray oflight 



Flu. 61.— Young’s sun spectroscope, arranged for photography. 


back through the upper part of the same prisms, when it is Automatic 

again refracted ; we thus have, by using these prisms, the a, f ^^ 

same effect as if thirteen prisms had been employed. The 

ra Y of light enters the instrument by the lower tube, and 

a fter passing first through the lower half of the prisms, and 

back through the upper half, is received in the upper tube, 

and reflected upwards for convenience of observation. These 

a s P ec *i*oscope with a prism of this kind constructed in 
009, and afterwards the same idea occurred independently to Pro- 
L cs * 0 [ Youn S> as also that of mounting the prisms on a spring, which 
’7 ” ee " suggested to me by my friend Mr. G. W. Hemming; and 
tocluced into the spectroscope to which I have referred. 
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chap. x. prisms are so arranged, that whatever part of the spectrum 
Is being observed, they are always at the angle of minimum 
deviation for this part of the spectrum— a very important 



Fig. 6a. — Automatic arrangement for securing the minimum deviation of the observed ray 

point, as we have seen. This is done either by attaching 
the prisms to a spring of ebonite or gun-metal moving 
on a fixed point near the first prism of the series, as in 
the arrangement shown in Fig. 61, or each prism rnay be 
attached to a radial bar acting on a central pin, as shown 
in Fig. 62. 

Other extensions of the use of the spectroscope in the 
new method will be alluded to in the sequel. 


RADIA TION AND ABSORPTION. 


Now that the construction and use of the spectroscope 
have been fully gone into, we come to the principles on 
which the science of spectrum analysis depends. We first 
saw Newton founding this new science, by using a hole in 
a shutter, admitting a beam of sunlight, and analysing it by 
means of the prism ; then we discussed Wollaston’s and 
Fraunhofer’s substitution of the slit, and instantly we heard 
of dark lines in the solar spectrum, and bright lines when 
other light-sources were examined. The foundation of 
solar chemistry has resulted from the explanation and cor- 
relation of these dark and bright lines. To get at the 
principles we must first deal with the different modes in 
which light is given out or radiated by various bodies 
under different physical conditions — with, in fact, the ra- 
diation of light. 

Now, if we take a platinum wire and heat it to red- 
ness, and examine by means of the spectroscope the light 
emitted, we shall find that only red rays are visible ; then 
'f the wire be gradually heated more strongly, the yellow, 
green, and blue rays will become visible, until finally, 
when the wire has attained a brilliant white heat, the whole 
the colours of the spectrum will be present. If I burn 
a P' e ^ e of paper, or a match, or ordinary coal-gas, I get 
a wl »te light : in fact, if I raise any solid or liquid to a 
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chap. xi. state of incandescence or glowing heat, I get exactly that 
Continuous sarnc sort of l‘g ht * which will give always a continuous 
sptetrum. spectrum. The best method 5C showing this fact before a large 



Fic, 63. — Electric lamp, y* z, wires connecting battery of 50 Grove or Uunsen elemen . 
G, h* carbon holders ; tc, rod, which stops a clockwork movement, which when going m K 
the poles approach until the current passes ; a, armature of a magnet which by mca J* s hSeS 
frees the clockwork when not in contact ; e, electro-magnet round which the current pa 
when the poles are at the proper distance apart, causing it to attract the armature a. 

audience is to use an apparatus called the electric lamp, 
and to pass the current of electricity through two carbon 
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points, which are intensely heated by their resistances to chap, 
the passage of the current The spectrum obtained from " 
these points; by means of $fe^Rspersion of two bisulphide 
of Carbon prisms, is quite^#TOhuous from end to fehd; 



*ig. 04.— Electric lamp arranged for throwing a spectrum on a screen, d, lens ; 
k K% bisulphide of carbon prisms. 


|hat is to say, there are no breaks, such as those Fraun- 
i°fer saw (Fig. 44), where the black lines represent the 
f eaks *n the solar spectrum which are called the Fraun- 

h°fer lines. 


m 
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% ust then consider this fact established; namely, that 
solid or liquid Mies, when heated to a vivid incande sc^tc e, 
gij$ H continuous spectrum without bright fines \ Under 
these circumstances the light to the eye, without the spec- 
troscope, will be, White,iitm ■^.t of a white-hot poker*; if 
the degree of im^uKiescenfce is not so high, the light tgay 
only bo. fed, like that of a red-hot poker. But so fa 
the spectrum goes— and it will expand towards the vh 
as the incandescence increases, as before stated — it.; 
continuous. This is fact number one. 

Now, instead of observing the spectrum of these 
white-light-giving carbon points or the light from* an 
ordinary gas flame, let us examine the spectrum of a light- 
source which is coloured. If, for instance, I burn some 
coloured fire, such as the red fire of our pyrotechnic dis- 
plays, on ‘examining such a light by means of the spec- 
troscope, we might expect that in the case of red firfe;we 
should obtain the red end of the continuous spectrum ; that 
on burning green fire we should see the green portion; of 
the spectrum, and so on. But this is not so ; we find that 
the background of the spectrum is dark or nearly so, tfad 
that we have certain localizations of light or bright lines 
in different parts of the spectrum. .Now, the differences 
in colour arc accompanied by differences in the spe< 

We have something very different from the contint 
spectrum we had before ; we have established a difference 
between a solid or liquid body, which gives us a continuous 
spectrum, and a vapour or gas which colours a flame, for 
the spectrum of such a flame contains bright lines. 

In these instances, then, the spectra consist of lines 
which are located in different parts of .the spectrum. L et 
us next burn some sodium in air, and then examine the 
spectrum of its vapour ; or, better still, let us place some 
sodium, or a salt of this metal, such as table salt, in a gas 
flame which is consuming a mixture of, air and gas, in a 
burner known under the name of a Bunsen’s burner, *the 
bluish flame of which is due to the complete combustion 
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^ne to the greater supply of air from the holes at the chap. xi. 
bottom. The flame immediately becomes of an intense R unsen < t 
yellow colour, due to the vapour of sodium. In this we have . **ntr. 



Fig. 65. — Coloured flame of salts m the flame of 
a Bunsen's burner. 



Fig. 66.— Base of ordinary form of 
Bunsen's burner, showing holes 10 
admit air. 


further fjfidgnce of t£te connection between the colour of 
the light Which we get from a vapour and the spectrum of 
that vapour. It is usual to place the salt to be examined in a 
platinum spoon, and insert it in the flame ; but the utmost 


constancy is insured by adopting an arrangement of Mit* 
scherlich’s, shown in the accompanying drawing (Fig. 68), 
in which a platinum wick is kept continually moistened by 
a solution of the salt, generally the chloride, the spectrum 
of which is required to be examined. It will be imagined 4 
priori, from what has been already said, that, as in the case 
of sodium vapour, the colour of the flame is orange, the 
we of the vapour will appear in the yellow or orangtipart 
° the spectrum, and we shall not be mistaken. It is seen, 
!? act > on examining this flame with a spectroscope, that 
lc s P ect rum consists of a brilliant yellow line upon an 
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chap. xi. almost black background ; if, how&ver, the flame is observed 
by means of a very narrow slit, this line will appear double • 
it really consists of two extremely fine lines which are very 
close to each other. 

lithium Let us pass on to another substance,, and take some 
vapour, lithium instead of sodium. A brilliant carmine-tinted 
i ts flame is seen, which on examination by the spectroscope is 



Kw^, 67 . — M it schorl teh *s arrangement (or fUme .spectra, 
wick ; k, Bunsen’* burner. 


found to give a spectrum consisting of one splendid red. 
and a fainter orange line. Potassium gives a violet-coloured 
flame, and yields in the spectroscope a red line and a violet 
line. If, again, we take a salt of strontium, one of the 
ingredients in red fire, it colours the flame crimson, and by 
the' eye the flame can scarcely be distinguished from the 
colour of the lithium flame, but in the spectroscope there 
is no possibility of doubt : the spectrum of strontium con- 
sists of a group of several lines in the red and orange, and 
a fine line in the blue end of the spectrum. 
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If a higher temperatuHs than that of the Bunsen flame is 
required, the blow-pipe flame {Fig. 69) may be restated to ; 



Fj 6. <59, — Hera path's blow-pipe. View and section. 


CHAP. XT. 

Blow-pipe 

flame. 


in this the quantity of air and coal-gas or hydrogen is varied 
at pleasure, and a very high temperature may be obtained. 



Fig* 70.— induced current spark. 

v We m ‘ght proceed thus to examine the flame spectra of 
various salts ; but to observe the spectra of the vapours 
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chap, xi. of the metals, it will be found necessary to use a higher 
Eitcirit temperature still, and for this purpose the electric arc or 

sftir*. spark is employed. If a temperature only slightly greater 

thai\ that of the blowpipe flame is used, the spark from 
an induction coil worked by five Grove cells may be taken 
as shown in Fig. 71, the Leyden jar not being employed ; 
a few metallic lines will then be seen, and a background 
consisting generally of bands of light here and there. 



Fir,. 71,— figure showing how (he jar is connected with the spark stand- A, *. pole* i F >J ar 


leydm If a higher temperature still is required, the jar must be 
thrown into the circuit, upon which the spark will become 
more intense, according to the power of the coil an 
size of the jar ; or the electric arc may be employ 6 
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The spectra thus obtained are much more complex ; the chap. x». 
spectrum of iron, for instance, when examined at this- high 
temperature, is found to consist of no less than 460 bright, 
lines, many of which are situated in the green part of the 
spectrum. 



oth C,manner ' n wb ‘ cb tbe spectra of vapours may be spectra of 
ar e e T' Se ° btained wiU be gathered from Fig. 72. There 
has t ^ a ^ rea * man >’ gases which the spectroscopist 
this m° and to stud y with great care. How is 

when' Tlana *’ CC * Tube ? con taining gases are prepared ; and 
VVC w * sb to study the spectrum of a gas, we do it 
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in this way: we enclose it in a tube, and send a current 
through it by means of an induction-coil. If we pass a 
stream of electric sparks through a tube containing 
hydrogen, we shall see that the colour of 
the incandescent gas is a bright carmine- 
red, the spectrum of which can easily be 
observed by placing the spark tube in 
front of the slit of one of the spectro- 
scopes before described. This arrange- 
ment is one that is in daily use in many 
of our laboratories, and it must be borne 
in mind as being the modus operandi by 
which a great deal of the work has been 
done to which I shall have to allude 
shortly. 

To sum up, then, in all cases where we 
are dealing with vapours and* not solids 
or liquids, instead of a continuous spec- 
trum we get a discontinuous one— i.e. we 
get bright lines. This is fact number two. 

In the two facts to which I have re- 
ferred we have, brought sharply to a 
focus, the labours, of a long series of 
illustrious investigators, from Wollaston, 
whom, on page 148, we saw observing 
the spectrum of the electric light to be 
separated into several images, which 
he “ could not undertake to explain,” 
through Herschel, Fox Talbot, Wheat- 
________ stohe, Masson, AngstrOm* Fliick^r, W. A. 

Fin. Miller, Swan, Kirchhoff, and Bunsen. 

* lectnc Spectrum analysis, then, applied to the 
radiation of light, teaches us that solids 
and liquids give out continuous spectra , and that vapour* 
and gases give out discontinuous spectra; that is to say 
that we get bright lines in different parts- of the spectrum, 
instead of having an unbroken light all over the spectrum 
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This statement may be varied by stating broadly that the chap. xi. 
radiation or giving out of light by solids and liquids is a 
general one, and that the radiation or giving out of light 
by gases and vapours, instead of being general, is in the 
main a selective one. 



st «/ Urt * Cr '' ^ te s P ectrum given out by each clement in a All diseon- 
tltineit ^ aS * S S ° different from the spectra of all other 
beln, ^ 1attn eac h case ^c element to which the spectrum different, 
'ge tan easily be determined. 
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chap. xi. We must now pass from the radiation or giving out oi 
Ainor I'S^t by bodies in different states — that is to say, by solid 

tion or liquid bodies, or gaseous or vaporous ones— to the 

action of the prism upon light under some new conditions. 
Light is not only given out, or radiated, but it may be 
stopped or absorbed in its passage from the light-source to 
our eye, if we interpose in the path of the beam certain 
more or less perfectly transparent substances, be they solids, 
liquids, gases, or vapours. I will recall one or two of the 
experiments to which reference was made, in order that 
it may be exactly seen how the perfectly distinct classes of 
phenomena due to radiation and absorption really run 
together. It was pointed out that radiation, or the giving 
out of light, was continuous or selective, 
may he Now, radiation is exactly equalled by absorption in this 
7r"seUrtk-e matter » absorption may also be continuous or selective. 

We took before, as an instance of continuous radiation, 
a continuous spectrum obtained by using the electric lamp 
ora lime-light: that is to say, an example of the general 
radiation which we get from an incandescent solid— the 
carbon points of which the poles of the lamp are composed, 



F10. 75 - Method of observing the absorption 01 a vapour. i, f lamp: ft, *pectro*cope . 
n, containing tube : o. fhmften burner. 


or the solid lime. It will also be recollected that when we 
observed the spectrum of a vapour — as, for instance, that 
of strontium or thallium — that the continuous spectrum 
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was altogether changed, and, in place of a beautiful rainbow 
band, continuous from the red end of the spectrum to the 
violet, we really only got lines here and there, which are 
due to selective radiation, and opposed to the general 
radiation spoken of in the continuous spectrum just now. 
What I have to dwell on now is, that the absorption or 
sifting of light by different bodies is very like radiation 
in its results— that is to say, in some cases we have an 
absorption which deals equally with every part of the 
spectrum, and in other cases we have absorption which only 
picks out particular parts of the spectrum here and there 
to act upon. But there is one important point to 
be borne in mind : when dealing with absorption, we 
must always have a continuous spectrum to act upon. 
If we had a discontinuous spectrum to act upon, the 
thing would not be at all so clear. Having this con- 
tinuous spectrum, the problem is, what the action of the 
different substances on the light will be. Let me give you 
an instance of general absorption. If we take the con- 
tinuous spectrum above referred to, and interpose a piece 
of smoked glass, or better, a piece of neutral-tint glass, 
you will find that the- substance will cut off the light and 



Fig. 76.— Vessel with glass sides for studying the ahsoi. 

deaden the spectrum, so to speak, throughout its whole 
length. This neutral-tinted glass, then, has the faculty 
evidently of keeping back the light, red, yellow, blue, green, 
violet, and so on ; and is an instance of general absorption. 
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chap. xi. A very dense vapour would furnish us with another similar 
instance. Now if, instead of using neutral-tint glass, a 
piece of coloured glass is introduced, the action of this, 
instead of being general throughout the spectrum, will be 
limited to a particular part of it. Thus, a piece of red 
glass will cut off nearly all the light except the red: and 
a piece of blue glass will cut off everything except the 
blue. By introducing both these pieces in the beam, the 
spectrum is entirely obliterated. 

In these latter cases we have instances, not of general, 
but of selective absorption, one substance cutting off every- 
thing but the red, and the other cutting off everything but 
Atutiyswbf the violet. Now, as different substances are known by 
their radiation, so also chemists find it perfectly easy to 
detect different substances by means of their absorption: 
for instance, the absorption spectrum of nitrous fumes can 



Mo. 7;—Ab*ajption hpccttft of iodine and uitrou* fuinen. 


be shown by taking first our continuous spectrum, which 
we must always have to start with, and introducing some 
nitric peroxide between the source of light and the prism. 
The nitric oxide, immediately it comes in contact with the 
air, produces dense red fumes, and numbers of fine black 
lines will be seen immediately crossing the spectrum at 
right angles to its length, causing it to resemble the 



RADIATION AND ABSORPTION. 


183 


solar spectrum with its Fraunhofer lines. Iodine is chap. xi. 
another substance which gives a coloured vapour, the 
absorption spectrum of which is very definite and well 
defined. Fig. 77, Spectrum No. i, shows the absorption 
spectrum of iodine vapour, and No. 2 that of nitrous fumes. 







Fh«. 78 * -Absorption of magenta (above) ami blood (below). 

We are not limited to these substances ; we may try blood, 
for instance. We shall find that the action of blood upon 
the light is perfectly distinct from the action of those fumes 
which we have spoken of ; and instead of having typical 


r h:- 79-— Absorption of various thicknesses 
a solution of the salts of chromium. 
(Gladstone.) 


Fig. 80.— Absorption of various thicknesses 
of a solution of potassic permanganate. 
(Gladstone. 1 


lines in the green and blue parts of the spectrum, we have 
two very obvious bands in the more luminous part of the 
spectrum. The colour of a solution of blood is not unlike 
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chap. xi. the colour of a solution of magenta ; but if, instep of 
using a solution of blood, we use a solution of maprnta, 
we should have only a single black bands. The absorption 
spectrum of potassic permanganate solution is another 
beautiful instance. Instead of the two dark band which we 
saw in the case of the blood, or the single one in th<§vcasc 
. of magenta, we have four very definite absorptioftifwmds 
in the .green part of the spectrum. So that the means of 
• * research spectrum analysis affords as far as regards radia- 
tion, is entirely reproduced in the case of absorption ; and 
it is perfectly easy, by means of the absorption of different 
vapours and different substances held in solution, to deter- 
mine not only what the absorbers really are, but to deter- 
mine the presence of an extremely small quantity. Further, 
by allowing the light to pass through a greater thickness 
of the absorbing substance, the absorption lines are 
thickened and new regions of absorption are observed. 
This fact was discovered by Dr. Gladstone, who used 
hollow prisms containing the substance. ' 
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I HAVIi now to attempt to connect the two perfectly chap.jch. 

distinct classes of phenomena, to which I h ^ ve ref ^ d ‘" 

the last chapter— the phenomena, namely, of radiation an 

the phenomena of absorption ; and this connection between 

radiation and absorption is an instance of the slow growth 

of science. Fraunhofer, at the beginning of this century, 

had a very shrewd suspicion of the perfect coincidence of 

place in the spectrum between certain dark lines which he 

saw in the spectrum of the sun, as we have seen ({X *49) 

and the bright lines in the spectrum of a lamp. Waun- /£««£ 

liofer at the first suspected, and after him many of our 

greatest minds suspected, that there was some hidden, 

wondrously strange, connection between the double yellow 

line which you will remember is characteristic of so turn, 

and a certain double line which exists among tie 


black lines of the solar spectrum, Brewster many 
worked on the same subject. I have been favoure y 
Dr. Gladstone with an extract from Dr. Brewsters note- » 
book, dated St. Andrews, October 28th, 1841. In « 
Hrewster says:— “I have this evening discovered the 
remarkable fact that, in the combustion of nitre upon 
charcoal, there are definite bright rays corresponding o 
the double lines of A and B, and the group of lines a 
ill the space A B. The coincidence of two yellow rays 
with the two deficient ones at D, with the existence o 
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. definite bright rays in the nitre flame, not only at D but 
' at A, a and B, is so extraordinary that it indicates^some 
regular connection between the two classes of phenomena.” 
Let me explain this at once in the light of modem 
science. 

The bright yellow line observed by Fraunhofer and 
Brewster is the bright line of sodium vapour, and we 
have established the third fact in spectrum analysis, that 
the vapours, the radiation of which has been referred to in 
Chapter XI., absorb, when relatively cool, the same rays 
which they emit when hot. Hence, the absorption of 
sodium when cool gives us a dark line in the yellow, as 
its radiation when hot gives us a bright line in the yellow. 

A discovery made by Foucault in 1849 was the first to 
suggest this. In describing the result of the prismatic 
analysis of the Voltaic arc formed between charcoal poles, 
he remarked : 1 — 

“The spectrum is marked, as is known, in its whole 
extent by a multitude of irregularly grouped luminous 
lines; but among these may be remarked a double line 
situated at the boundary of the yellow and orange. As 
this double line recalled, by its form and situation, the line 
D of the solar spectrum, I wished to try if it corresponded 
to it, and, in default of instruments for measuring the 
angles, I had recourse to a particular process. 

“ I caused an image of the sun, formed by a converging 
lens, to fall on the arc itself, which allowed me to observe 
at the same time the electric and the solar spectrum super- 
posed ; I convinced myself in this way that the double 
bright line of the arc coincides exactly with the double 
dark line of the solar spectrum. 

“This process of investigation furnished me matter for 
some unexpected observations. It proved to me, in the 
first instance, the extreme transparency of the arc, which 
occasions only a faint shadow in the solar light. It showed 

' IJInstitul, Feb. 7, 1849, translated by Prof. Stokes, in Phil.Mw- 
vol. xix. p. 194. 
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me that this arc, placed in the path of a beam of solar chai«. xu. 
light, absorbs the rays D, so that the above-mentioned line 
D of the solar light is considerably strengthened when the 
two spectra are exactly superposed. When, on the con- 
trary, they jut out one beyond the other, the line D 
appears darker than usual in the solar light, and stands out 
bright in the electric spectrum, which allows one easily to 
judge of their perfect coincidence. Thus the arc presents 
us with a medium which emits the rays D on its own 
account, and which at the same time absorbs them when 
they come from another quarter. 

“ To make the experiment in a manner still more 
decisive, I projected on the arc the reflected image of one 
of the charcoal points, which, like all solid bodies in ignition, 
gives no lines; and under these circumstances the line D 
appeared to me as in the solar spectrum.” 

The explanation of this coincidence between the two Stokes, 
bright lines of burning sodium vapour, and the two dark l852 ' 
lines D in the solar spectrum, which extended the grasp Of 
spectrum analysis from terrestrial substances to the skies, 
was first given by Professor Stokes about 1852. 

The observational and experimental foundation on which 
Stokes based his explanation, has thus been stated by 
Sir William Thomson : '■ — 

“1. The discovery by Fraunhofer of a coincidence The facts 
between his double dark line D of the solar spectrum and b f orch,m - 
a double bright line which he observed in the spectra of 
ordinary artificial flames. 

“ 2. A very rigorous experimental test of this coincidence 
by Prof. W. H. Miller, which showed it to be accurate to an 
astonishing degree of minuteness. 

“ 3- The fact that the yellow light given out when salt 
is thrown into burning spirits consists almost solely of the' 
two nearly identical qualities which constitute that double 
bright line. 

1 President’s Address, British Association Meeting, 1871. 
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chap. *n. “ 4. Observations made by Stokes himself, which showed 

the bright line D to be absent in a candle-flame when the 
wick was snuffed clean, so as not to project into the 
luminous envelope, and from an alcohol flame when the 
spirit was burned, in a watch-glass. And 

“ 5. Foucault's admirable discovery, already referred to, 
that the Voltaic arc between charcoal points is ‘a medium 
which emits the rays D on its own account, and at the 
same time absorbs them when they come from another 
quarter.' ” 

llu can- The conclusions, theoretical and practical, which Stokes 
< Unions. tau gj, t to gj r William Thomson, and which the latter gave 
regularly afterwards in his public lectures in the University 
of Glasgow, were : 

“ I. That the double line D, whether bright or dark, is 
due to vapour of sodium. 

“ 2 . That the ultimate atom of sodium is susceptible of 
regular elastic vibrations, like those of a tuning-fork or of 
stringed musical instruments ; that like an instrument with 
two strings tuned to approximate unison, or an approxi- 
mately circular elastic disc, it has two fundamental notes 
or vibrations of approximately equal pitch; and that the 
periods of these vibrations are precisely the periods of the 
two slightly different yellow lights constituting the double 
bright line D. 

“3. That when vapour of sodium is at a high enough 
temperature to become itself a source of light, each atom 
executes these two fundamental vibrations simultaneously ; 
and that therefore the light proceeding from it is of 
the two qualities constituting the double bright line D, * 
“4. That when vapour of sodium is present in Space 
across which light from another source is propagated, its 
atoms, according to a well-known general principle of 
dynamics, are set to vibrate in either or both of those 
fundamental modes, if some of the incident light is of one 
or other of their periods, or some of one and some of the 


HISTORICAL NOTICE . 


189 


other ; so 'that the energy of the waves of those particular chai-.xu. 
qualities of light is converted into thermal vibrations of 
the medium and dispersed in all directions, while light of 
all other qualities, even though very nearly agreeing with 
them, is transmitted with comparatively no loss. 

“ 5. That Fraunhofer’s double dark line D of solar and 
stellar spectra is due to the presence of vapour of sodium 
in atmospheres surrounding the sun and those stars in 
whose spectra it had been observed. 

“6. That other vapours than sodium are to be found 'in 
the atmospheres of sun and stars by searching for sub- 
stances producing in the spectra of artificial flames bright 
lines coinciding with other dark lines of the solar and 
stellar spectra than the Fraunhofer line D.” 

The idea then of Stokes which connected radiation with Explain*- 
absorption, and at once read the riddle set by the sun 
and stars, was this : the light emitted by an incandescent 
vapour is due to the vibrations of its molecules, as a 
sound-note emitted by a piano-wire is due to the vibration 
of the wire. We have only to go into a room where there 
is a piano, and sing a note, to find that the wire which 
corresponds to our note will respond to it. Now, in the 
same way when light is passing through a vapour the 
molecules of which vibrate at any particular rate, they 
will be urged into their own special rate of vibration by 
the vibrations of the light which is passing through them, 
which correspond to that particular rate. Hence the light 
will, so to speak, be sifted, and the force it has exercised 
in impelling the particles in the interrupting vapour to 
vibrate will tell upon it ; and in this way, those particular 
vibrations which have had the work to do will be enfeebled. 

It is clear that the parts of the spectrum thus reduced 
in brilliancy will depend upon the vapour through which 
the light has passed. If sodium vapour be traversed, 
then the light corresponding to the bright lines of sodium 
will be enfeebled. 
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chap, xii Stokes first gave this dynamical illustration in the follow - 
States' ing words: 1 “ That a body may be at the same time a source 
statement, of light giving out rays of a definite refrangibility, and an 
absorbing medium extinguishing rays of that same re- 
frangibility which traverse it, seems readily to admit of a 
dynamical illustration borrowed from sound. We know 
that a stretched string which on being struck gives out a 
certain note (suppose its fundamental note), is capable of 
being thrown into the same states of vibration by aerial 
vibrations corresponding to the same note. Suppose now a 
portion of space to contain a great number of such stretched 
strings, forming thus the analogue of a ‘ medium.’ It is 
evident that such a medium on being agitated would give 
'out the note above mentioned; while, on the other hand, 
if that note were sounded in air at a distance, the incident 
vibrations would throw the strings into vibration, and 
consequently would themselves be gradually extinguished, 
since otherwise there would be a creation of vis viva. 
The optical application of this illustration is too obvious to 
need comment” 

Such was the theory which as I have shown was taught 
by Stokes prior to 1852, and by Thomson in his public 
lectures ever since. 

Our great physicist unfortunately did not publish it. I 
say unfortunately because valuable time has been lost: but 
not much, so far as publication or non-publication is con- 
cerned ; for, in 1853, the idea was published by the 
celebrated Angstrom,* 

Angstrom, In his memoir, for the purpose of illustrating the absorp- 
**53- tion of light, he made use of a principle already pro- 
pounded by Euler, in his Theoria lucis et colons, that the 
particles of a body, in consequence of resotuwee, absorb 
principally those ethereal undulatory motions which have 
previously been impressed upon them. He also endeavoured 

* PhiL Mag. vol. xix. p. 196. 

* “ Optiska Undersokningar:” Trans. Royal Academy of Stockholm, 
*853. Translated in Phil. Mag. 4th Series, vol. ix. p. 237. 
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to show that a body in a state of glowing heat emits just the 
same kinds of light and heat which it. absorbs under the 
same circumstances. He further undertook researches on 
the electric light, and stated that in many cases the Fraun- 
hofer lines were an inversion of the bright lines, which he 
observed in the spectrum of various metals, 1 

Early in 1859, Mr. Balfour Stewart independently dis- 
covered the law which binds together radiation and absorp- 
tion, establishing it experimentally as an extension of 
Prevost’s law of exchanges in the case of the heat rays, 
and generalizing his conclusion for all rays. 2 Stewart’s 
reasoning is of a very ingenious and original nature. 

In October of the same year, 1859, Kirchhoff established 
experimentally the same law for the light rays. 

His first announcement, dated Heidelberg, 20th October, 
1859, read before the Berlin Academy on the 27th,* must 
here be given in extenso , for it has certainly marked an 
epoch in solar physics. 

“ On the occasion of an examination of the spectra of 
coloured flames not yet published, conducted by Bunsen 
and myself in common, by which it has become possible 
for us to recognize the qualitative composition of complicated 
mixtures from the appearance Of the spectrum of their 
blow-pipe flame, I made some observations which disclose 
an unexpected explanation of the origin of Fraunhofer’s 
lines, and authorize conclusions therefrom respecting the 
material constitution of the atmosphere of the sun, and 
perhaps also of the brighter fixed stars. 

“ Fraunhofer had remarked that in the spectrum of the 
flame of a candle there appear two bright lines which 
coincide with the two dark lines D of the solar spectrum. 
The same bright lines are obtained of greater intensity 
from a flame into which some common salt is put. I formed 

J? ee Chil. Mag. 4th Series, vol. xxiv. pp. 2, 3; Monatsbericht ', 1859, 
sc' T. 3 Edinburgh Transactions, 1858-9. 

v- ftee Translation by Professor Stokes in Phil. Mag. 4th Series, vol. 
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chap. xu. a solar spectrum by projection* and allowed the solar 
rays concerned* before they fell on the sUt* to jmss through 
a powerful salt flame. If the sunlight were sufficiently 
reduced, there appeared in place of the two dark lines D 
two bright lines ; if, on the other hand, its intensity sur- 
passed a certain limit, the two dark lines D showed them- 
selves in much greater distinctness than without the 
employment of the salt flame. 

“ The spectrum of the Drummond light contains, as a 
general rule, the two bright lines of sodium, if the luminous 
spot of. the cylinder of lime has not long been exposed to 
the white heat ; if the cylinder remains unmoved, these 
lines become weaker, and finally vanish altogether. If 
they have vanished, or only faintly appear, an alcohol flame 
into which salt has been put, and which is placed between 



Pk;. .81. — Coincidence between the bright line given out bynodium vapour and the dark 
lm« produced by tbe absorption of the light of a continuous spectrum by its passage 
through sodium vapour 


the cylinder of lime and the slit, causes two dark lines ot 
remarkable sharpness and fineness, which in that respect 
agree with the Jines D of the solar spectrum, to show 
themselves in their stead. Thus the lines D of the solar 
spectrum are artificially evoked in a spectrum in which 
naturally they are not present. 

“If chloride of lithium is brought into the flame 
Bunsen’s gas-lamp, the spectrum of the flame shows a very 
bright sharply defined line, which lies midway between 
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Fraunhofer’s lines B and C. If, now, solar rays of mode- 
rate intensity are allowed to fall through the flame on the 
slit, the line at the place pointed out is seen bright on a 
darker ground ; but with greater strength of sunlight there 
appears in its place a dark line, which has quite the same 
character as Fraunhofer’s lines. If the flame be taken 
away, the line disappears, as far as I have been able to see, 
completely. 

“ 1 conclude from these observations, that coloured flames 
in the spectra of which bright sharp lines present them- 
selves, so weaken rays of the colour of these lines, when 
such rays pass through the flames, that in place of the 
bright lines dark ones appear as soon as there is brought 
behind the flame a source of light of sufficient intensity, 
in the spectrum of which these lines are otherwise wanting. 
/ conclude further , that the dark lines of the solar spectrum 
'which are not evoked by the atmosphere of the earth exist 
in consequence of the presence, in the incandescent atmo- 
sphere of the sun, of those substances which in the spectrum 
of a flame produce bright lines at the same place. We 
may assume that the bright lines agreeing with D in the 
spectrum of a flame always arise from sodium contained 
in it ; the dark line D in the solar spectrum allows us, 
therefore, to conclude that there exists sodium in the sun’s 
atmosphere. ..... 

“ In the course of the experiments which have at present 

been instituted by us a fact has already shown 

itself which seems to us to be of great importance. The 
Drummond light requires, in order that the lines D should 
come out in it dark, a salt-flame of lower temperature. 
The flame of alcohol containing water is lifted for this, but 
the flame of Bunsen’s gas-lamp is not. With the latter 
the smallest mixture of common salt, as soon as it makes 
itself generally perceptible, causes the bright lines of sodium 
to show themselves ” 

Immediately after the publication of this important 
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c-HAr.xit. note of KirchhofTs, Stewart S<yiplain4d, in extension of his 

former work on the theory of 'fexiSianges, why it was that 
a salt flame of lower templrajt:u& was requited to darken 
the D lines, pointing out that it was a phenomenon ana- 
logous to that presented when a piece of ruby glass is 

A’ufy giiiss heated in the fire. So long as the ruby glass is cooler than 
coals behind it, the light given out is red because the 
ruby glass stops the green, the green light is therefore 
analogous to the line D which is given out by an alcohol 
flame into which salt has been put. Should however this 
ruby glass be of a much higher temperature than the coals 
behind it, the greenish light which it radiates overpowers 
the red which it transmits, so that the light which reaches 
the eye is more green than red. This is precisely ana- 
logous to what is observed when a Bunsen’s gas flame with 
a little salt is placed in front of the Drummond light, when 
the line D is no longer dark but bright. 

Shortly afterwards Kirchhoff independently explained 
his results on the same theory. 

In the next chapter we shall show how fruitful of result 
this experimental verification of Stokes’ theory by Kirch- 
hofif and Stewart, really effected by Foucault, has been, and 
how the new field of investigation thus opened up has been 
explored. 

Here we may content ourselves by pointing out how, 
by the light of modern science, a simple experiment, made 
by means of sodium vapour and a beam of sunlight, with 
the powerful aid of a little prism, gave us a tiehtendous 
increase of our knowledge about distant worlds — worlds 
so immeasurably remote that? it seemed hopeless for men 
to try and grapple with them. {•; 

i See “ On the Theory of Exchanges and its recent Extension, b> 
Balfour Stewart, B.A., Reports, 1861. I quote here the passag 
which relates to the connection between the heat and light rays 

“ We come now to the subject of light ; and since radiant light a 
heat have been shown by Melloni, Forbes, and others, to possess v ) 
many properties in common, it was of course only natural to supp 
that facts analogous to those mentioned should hold also with reg^ 
to light. One instance will at once occur, in which this analog. 
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perfect. For, as all opa|perN>#^s heated up to the same tempera- 
ture radiate the same cfescripttajl ' pipieat, so also when their common 
temperature is still further ii)c reefed, they acquit a red heat, or a 
yellow heat, or a white heat> si|n*ft r |neously. 

* “The idea of applying these views to light had occurred indepen- 
dently to Professor Kirchhoflf and myself; but, although Kirchhofif 
slightly preceded me ih publication, it will be convenient to defer the 
mention of hts researches till I come to the subject of lines in the 
spectrum. 

“In February i860, l communicated to the Royal Society of London 
a paper in which certain properties of radiant light were investigated, 
similar to those already treated of with respect to heat. In this paper 
it was mentioned that the amount of light radiated by coloured glasses 
is in proportion to their depth of colour, transparent glass giving out 
very little light ; also that the radiation from red glass has a greenish 
tint, while that from green glass has a reddish tint. 

“ It was also mentioned that polished metal gives out less light than 
tarnished metal, and that, when a piece of black and white porcelain 
is heated in the fire, the black parts give out much more light than 
the white, thereby producing a curious reversal of the pattern. 

“All these facts are comprehended in the statement that in a con- 
stant temperature the absorption of a particle is equal to its radiation, 
and that for every description of light. 

“It was also noticed that all coloured glasses ultimately lose their 
colour in the fire, as they approach in temperature the coals around 
them ; the explanation being, that w f hile red glass, for instance, gives 
out a greenish light, it passes red light from the coals behind it, while 
it absorbs the green, in such a manner that the light which it radiates 
precisely makes up for that which it absorbs, so that w r e have virtually 
a coal radiation coming partly from, and partly through, the glass. 

“ In another paper, communicated to the Royal Society in May of 
the same year, it is shown that tourmaline, which absorbs m excess the 
ordinary rays of light, also radiates, when heated, this description of 
light in excess, but that when the heated tourmaline is viewed against 
an illuminated background of the same temperature as itself, this 
peculiarity disappears.” 
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RESULTS OBTAINED BY THE OLD METHOD. 

I. Kirchhoff’s Maps and list of Elements 
in the Sun. 

chaf.xiii. In the note of Kirchhoff’s which was given almost in extcuso 
' y in the last chapter, we saw the demonstration of the fact 

of the existence of sodium in a relatively cool atmosphere 
surrounding the sun. Now sodium has a very simple 
spectrum ; Kirchhoff was not long before he tested his 
generalization by the most complicated spectrum he could 
find. He took for this purpose the spectrum of iron, one 
of enormous complication, for, as we now know, the spec- 
trum is traversed by lines throughout its whole length, no 
less than 460 lines having been already mapped, and their 
positions «pre now thoroughly well known to -us— as well 
known as the position of any star in the heavens. Kirch- 
hoff tried the iron spectrum, and he found, absolutely 
corresponding in position and in width and darkness to 
the bright iron lines which he saw in this spectrum, black 
lines in the solar spectrum. He instantly convinced him- 
self and soon convinced the world, mat he had experi- 
mentally established not only the fundamental fact, which 
we have already stated, that gases andj^yapoBrs have 
the power of absorbing those very rays which they them- 
selves give out when in a state of incandescence, but 
iron. that iron as well as sodium was present iff the sun. Kirch- 

hoff went on with this magnificent work — which included 
the construction of the first map and catalogue of the 
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lines ofJhe,^f<?lar ^c trpy 
approaching . 

which had ^eveFb^&n, given 
to the world f a monument* 
of industry’which cost the 
illustrious physicist one of 
his eyes — until he had 
arrived at the conclusion 
that sodium, iron, calcium, 
magnesium, nickel, barium, 
;oppcr, zinc, [potassium ?] 
were in the solar atmo- 
sphere ; that the existence 
of cobalt there was doubt- 
ful, and that gold, silver, 
mercury, aluminium, cad- 
mium, tin, lead, antimony, 
arsenic, strontium, lithium, 
and silicon, were absent. 

II. Angstrom’s Map 
and List. 

Kirchhofif, however, was 
not the only one at work 
at the problem. I have 
already alluded to Ang- 
strom. He, too, likes Kirch- 
hoff, was constructing a 
map of the lines in the 
solar spectrum, with the 
important difference that 
whereas KirchhofF ’s scale 
was an arbitrary one, Ang- 
strom’s scale was based 
aponthe lengths of the light 
waves. Nor was this all, 
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The wajf ill which 
a spectrum «V<^a^d|4y' : f^^ction has been already 
exf^l^ll^. In diffraction observations a grating is used, 
ally at right angles to the axis of the colli- 
. , :his replaces the prism used when refraction 
is" employed : the grating consisting of excessively fine 
parallel equidistant lines scratched on glass by means of 
a diamond and dividing engine ; in some cases 4000 or 
5000 or even 6000 lines are thus produced in an inch. 

The diffraction spectrum results from interference, and 
the grating was suggested by Fraunhofer, who made the 
first observations of this nature by using fine wires. Its 
use was suggested by the fact that the two mirrors or 
the biprism ordinarily employed may be replaced by two 
narrow apertures. 

The wave length is determined by accurate measures of 
the angle between the observing telescope and the axis of 
the collimator, and of the distance between the scratches, 
the wave length being included in the formula 1 — 

sin S * n ^ 
d 

Where 8 = observed angle, 

n -= order of the spectrum, 
d = distance between lines in millimetres, 

•• X - wave length. 

Thc w&ve lengths of the principal Fraunhofer lines thus 
determined are laid down in Angstrom’s map of the solar 
spectrum,* on a scale such that the wave length can be read 
off to a ten millionth of a millimetre (0.0000001), and esti- 

* For further details see “Jam in's Cours de Physique” t. i»-> P- 
ef seq, V * n 

4 “ Recherches sur *e Spectre Solaire,” par R. J. Angstrom. ^P e ^ lie 

normal <iu Soleil. Atlas de six planches. Upsala : W. Schultz. I5cn» n • 
F. Dummler, |86<). 
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0*600(856 18 
' 0 00058950 

OOOO5889O - '^1^000391^1 

It will be seen from the above table that the w|f|e length 
decreases from the red end of the spectrum to ffie violet ; 
in other words that the red waves are the longest --Und 
the violet waves the shortest in the spectrum ; and as the 
velocity of light is 298,000,000 metres, or 298,000,000,000, 
millimetres, or 29,800,000,000,000,000,000 hundred-mil- 
lionths of a millimetre per second, it is clear that the num- 
ber of waves (which number will vary with each tvave) 
which fall on the eye per second can be determined. Thus 

, , . 29,800,000,000,000,000,000 

we have for A -- --- 78009 ~ ' = 392 billions 

, , , , , „ TT 29,800,000,000,000,000,000 

per second (roughly) For H a 39328 

= 757 billions per second (roughly). 

As the velocity of light is the same for all waves, it 
follows that the number of waves per second varies inversely 
as the wave length in each case, and that the number of 
each wave per second multiplied into its wave length must 
give us a constant quantity, namely the velocity. 

The first results 1 of Angstrom's comparison of the wave- 
lengths of metallic vapours with the Fraunhofer lines 
added the possibility of strontium and aluminiuoi being 
among the solar elements, and this observer thus fillocated 
the principal Fraunhofer lines. . ' 

H 1 and H 8 due to Calcium. s - V 

G „ Iron. 

F „ Strontium and Iron (uncertain), 

* Communicated to the Royal Academy of Stockholm, October 8, 
io()i. Phil, Mug-., S. 4, vol. xxlv., p. 1. 
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J 1 £ due to* Magnesium and Iron. 

D ,, Sodium. 

*CW* ** hydrogen, 

® «3?*Z, potassium. 

a v fiF**' *> ^ ^ 

Angstrom later, ftHiis Recherchcs sur te Spectre Splairc, 
gives more details, and his assistant Thalen 1 sums up 
the work at that time by rejecting zinc and aluminium 
from the list of solar elements as given by Kirchhoflf, and 
adding manganese and titanium. 


III. FlZEAU’S SUGGl STION AS TO ErFI CT OF 
Motion on Wave Length. 

There is a point of fundamental importance to solar 
physics connected with this method of wave length mea- 
surement : not only does it give us a spectrum in which 
the position of each line gives us its wave-length, but it also 
gives us a power of detecting motion of the vapours in the 
solar atmosphere if such exist, according to a principle first 
indicated by Fizeau, that if a light source moves to or 
from the eye with a velocity comparable with the velocity 
of light itself, then a change in the position of the lines 
in the spectrum will be brought about. 

M. Fizeau’s researches in this direction are so little 
known in this country, that I give the account of them 
at length.* 

“ St un corps sonore dmettant un son continu et toujours identique 
se meat avec unc Vitesse comparable k cclle du son, les ondes sonorps 
ne scront pas srym<5triqucment disposdcs autour du corps sonore, conime 
cela k lieu lorsqu'ii est au repos ; mais elles scront plus rapproch&s 
les ones des autres dans la rdgton vers laquetle aura lieu le mouve- 
menk 4$ f&s Eloign <fes dans la region oppoSde, pour un observatcur 
place enavaat ou en arrifcre du corps sonore ; le son sera done different ; 
plus aigtt dans fit premiere position, plus grave dans la seconde. 

“ Si I’observateur k son tour est supposd en mouvement, le corps 
sonore restant immobile, le rdsultat sera semblablc, mats la loi du 
phenomfcne eft difl&rentc. 


’ “-Longueurs d’onde dcs raies rndtalliques.” Nova Acta. Upsah. 
* Sociltd Philomathique do Paris. Extraits des proces-verbaux dcs 
Sciences. 23 Dec., 1848. p. 81. 
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« En calculant lesyitesses qui correspondent aux intervals de la chapSciii. 
eamme on trimve lesnombres suivants : pour piroduire 

d ; un doit av ? ir 1$i^^ <k " 

o r2 q, pour ltt^i^ ^ ttiajSp 37 pour la pour^fpta^^o- 
Dans le ca^^g^rps' - apnore immobile j&g^pT obtcftpjes mefties 
notes robseryata^t doit aVoir les vitesses, ; 8* j et 340. Les 
sons dmis ou regus; dans des directionsdiffdt^^ -motive- 

ment se calculent en projetant la vitesse surlafpwydtte direction. 

L’auteur donne la description d’un appareO qu'U employd et aa 
moyen duquel on neut verifier et ddmontrcr commoddment ces cu- 
rieuscs propridtds au son, dans le cas du mouvement du corps sonore. 

Cette appareil est fondd sur le principe des roues dentdes dfe M. Savart, 
mais la disposition est inverse. Au lieu de dents mobiles rencon- 
trant dans leur mouvement un corps dlastique fixe, c’est le corps dlas- 
tique qui est placd sur la circonfdrence d’une roue et qui recontre dans 
son mouvement des dents fixes placdes sur la concavitd d’un arc ex- 
tdrieur immobile, Ton a ainsi un appareil fixe qui jouit de la propridtd 
d’emettre des sons dififdrents dans chaque direction particuli&re. Pour 
une certaine vitesse de rotation par example on aura en avant le son 
fondamental, en arri&re Foctave, ct toutes les notes de la gamme dans 
des directions in termed iai res. 

“ En appliquant ces considerations k la lumi&re on arrive Jt des 
consequences curieuses et qui pourraient acquerir de Fimpordtnce si 
Fexpericnce venait h les confirmer. Un mouvement tr£s rapide et 
comparable h la vitesse de la lumiere, attribud au corps lumineux ou k 
Fobservateur, aura pour eflfet d’altdrer la longueur d’ondulation de tous 
les rayons simples qui composent la lumidre regue dans la direction 
du mouvement Cette longueur sera augmentde ou diminude suivant 
le sens du mouvement Considdrd dans le spectre, cet effet se tra- 
duira par un dtplacement des rates correspondant au changement de 
la longueur d’ondulation. 

“ En calculant la valeur du displacement angulaire de la fate D dans 
le cas ou lc corps lumineux aurait la vitesse de la plan&te Ydiius, le 
spectre dtant formd au moyen d’un prisme de flint de on trouve 
2 ^65. 

"Pour le cas ou Fobservateur seul serait en mouvement Ct aftimd 
ci une vitesse dgale h celle de la Terre, on trouve 2", 25. 

En supposant que Fon mesure les ddviations doubles et <pu§:tfon . 
se place successivcment dans des conditions ou les mouvements en 
question seraient de signe contraire, ces quantites petivent 6tre qu a? 
arupldes, et Fon a io ff , 6 et 9 pour les valeurs prdeddentes* 

L auteur termine en examinant si ces consdquences Stre 

soumises h [’observation, et il pense que les difficultds nC txpU pas 
eiles qu on ne puissc esperer de les surmonten” 

rp • * . 

ao see the bearing of this let us suppose thit o^e of 
^ le constituents of the solar atmosphere, 1^£ us say K^dro- 
gen, while it was giving out its light was moving towards 
ns at the rate of say 50 miles (=* 80466 metres) a second. 

°w the wave length of one of the lines due to hydrogen — 
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chai>.juu. F js, have seen, 0 00048606 at the normal velocity. 

NoW with a higher velocity the number of crests per second 
reaching the eye must be greater, and therefore the effective 
wave length must be shorter . In the spectrum this shorten- 
ing of the wave is^hldicated by the position of the line F 
changing toward#'|jfe violet — the region of shorter waves. 

If we supposed the hydrogen receding from the eye, 
then the position of the line would be changed towards 
the region of longer waves — ie. towards the rid. 

Let us suppose such a change to be observed. Suppose 
a change into a less refrangible region, say a change of 
the F line, the normal wave length of which is 000048606 
from that position to 000048716. Obviously the wave 
irat'ts has been lengthened by the recession of the source of light 
-ef- f™*& the eye, and the amount of recession, about 39 miles 
sk-n. asecond, is measured by the increased length of wave, 
the difference in the wave length bearing the same ratio 
* to the total wave length as the difference in the velocity 
Shortened bears to the velocity of light. 1 Similarly if we suppose a 
change to a more refrangible region, the wave has been 
shortened by the approach of the light source. 

The Telluric Links. 

'■$$$-■’■ . 

The * f the^me time that many of the lines in the solar 
s^e^tji^^vens being s|own to be due to the presence 
of yapoufs in the sun. Others were found to be due to 
absorption by the atmosphere of the earth, a question 
first investigated by Brewster, later by Brewster and Glad- 
stpn&. jBi d afterwards by Piazzi Smyth, who gave much 
to the problem in his famous “Astronomer's 
Exp«M»ent ” on the Peak of Teneriflfe. This fact was 
first suspected because certain lines were found to vary 
with the height of the sun. slfhey were very feint when 
the sun wasrilgh, and got thicker arid darker as the sun 
approached the horizon. , 

1 See Clerk Maxwell, Phil. Trent. 1868, p. 532. 
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To Janssen belongs the credit 
of determining to what consti- 
tuent of our, atmosphere this * 
absorption isflfae. In 1864 this 
eminent physicist was sent on a 
mission by the enlightened autho- 
rities of the French Academy of 
Sciences, to investigate this pro- 
blem, and among other results he 
observed the spectrum of a large 
bonfire through a thickness of 
atmosphere of 21,000 metres over 
the Lake of Geneva. In this ex- 
periment he saw the well-known 
lines; though close to the fire 
there was no absorption whatever. 
On his return to Paris he was 
enabled to show by the follow- 
ing beautiful experiment that the 
lines 3 re due to the aqueous 
vapour in our atmosphere. He 
used a long iron cylinder (in 
fact a long length of gas-main, 
which the Paris Gas Company hatd 
placed at his disposal) and filled 
it with steam, taking precaution^ 
to keep the temperature high, and- 
the glass ends transparent. At 
one end of this he placed a bright 
flame, at the other he pbserved 
the light by means of a spectro- 
scope after it had traversed the 
whole length of tube. Hie thus 
obtained a spect ru m whicK : was 
the exact equivalent of that 
which is superadded pn, the true 
solar one, and whfcli becomes 
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cHAP.xtij. most marked when, the sun being low, there is the 
~~ greatest possible thickness of our atmosphere and its 
contained aqueous vapour to give rise to a large amount 
of absorption. ^ 

Brewster* Brewster and Gladstone, Btfzzi Spayth, Janssen 
and Angstrom have all mapped thl^pectrum ; the most 
elaborate map we have, a reduced copy of which is given 
10 the accompanying woodcut, is due to the latter. « 

* Tt follows, from an inspection of "Angstrom’s larger 
njap, that nearly all the lines in the spectrum less re- 
frangible than C are due to absorption by the aqueous 
vapour of pur planet. 

V-tUP'xjJCH HOF F and Angstrom's Conclusions as 
to the Constitution of the Sun. 

investigations into the actual presence of elements 
jfnSthe solar atmosphere to which we have before alluded, 
it was made known to us that in a relatively cool atmo- 
sphere surrounding the sun, the elements named were in 
a state of vapour. Thq riddle of the sun was read to a 
certain extent, and Kilchhoff read it in this way. He 
Kirchheff paid There is a solid or a liquid something in the sun, 
* continuous spectrum, and around this there are 
■ sAid<m.k =. vapdars of sodium, of iron, of calcium, of chromium, of 
nutria in k*f*®tn, of magnesium, of nickel, of copper, of strontium, 
t hi tun pflieofelt, and of aluminium; all these are existing in 
eonUnntnu ^ #«ph«e and am stopping out the sun’s light. 11 
suft j||fe not there, and if these things were observed 
iii an incandescent state, we should get exactly these 
bright linCs from them.” 

KircbhofT further imagined that the visible sun, the sun 
which we see — and we may tafcp the sun as an example 
of eyety sta|jii"the heavens— -was liquid, 

Now in the sun we have, first, a shining orb, dimmed 
to a certain degree at the edge, and here and there, over 
the sun, we see what are called spots. Kirchhoff wished, 
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not only to connect his discoveries with the solar atmo- 
sphere, but was anxious to connect it with this dimming 
near the limb and the spots. He said that the solar atmo- 
sphere, to which all the absorption lines were due, was 
really outsi^^tne.-jBua^’ and formed the coronft; and that 
the dimming; .of th&Jhnb was due to the greater absorp- 
tion of this- atmosphere, owing, of course, to the light 
of the sun travelling through a much greater tjqsldiegs 
of atmosphere inlraaching our eye from the limb thfit^fibi|| 
the centre of the disc. Furthermore, he said that the 
sun-spots, which astronomers, from the time' of Wilson, 
had asserted to be cavities, were nothing but clouds floating 
in this atmosphere of vapour. 

Such, then, is Kirchhoff’s theory of the sun. There is a 
something — Kirchhoflf said it was a liquid — which gives ns 
a continuous spectrum, and between our eye and that incan- 
descent liquid surface there is an enormous atmosph&g, 
built up of vapours of sodium, iron, and so on ; and 
reason that we get the dark lines is, that the molecules 
of the substances named absorb certain rays, those, namely. 
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which they produce when they are ins an incandescent state. 

Angstrom on his part arrived at the same, or nearly the Angstrom 
same, conclusion. He imagined that the Fraunhofer lines 
originate for the most part in the photosphere, or the ~ 


gaseous envelope which immediately surrounds the sun. 
On this he makes the following important remark : — 

“ It has been urged as an objection to the hypothesis 
that the Fraunhofer lines belong principally to the sun, 
that they ought in that case to appear stronger and mote 
distinct when the rays come from the edge, than when they 
come from the centre of the disc, which according tp^orbes's 
observation, was not the ; case. Forbes’s observatjpn took 
place under the different Stages of a solar eclipse, under 
which circumstances I conceive it would be very difficult 
to preserve the appearance of the spectrum accurately in 
the memory. I therefore considered that experiment to 
be worth repeating. I used for this purpose an optical 



solar r&ys/cs. 




mm><* rot 

^Pitnage thus 
y feftjr ays; from 

Si^uin^^ef. lines 


pr^.xm. theodolite with two telescopes^fjne of which" was furnished 
withra slit opening toadmi^tlie sunlight ; the height of the 
'cwcififee was reduced to abotit 4 |jiJll«ms, and the sun image 
Hu dmm W®M» ^<>j ec te«j upon it from a 0oll9ndpbtecig|l^, of 302 
focal distance. The tlhimeter|^t|Bwmage thus 
128 millims, and by aUqffim^ jhftj r ays from 
parts of this image tp fi|J,l ^u<*e6^^^u^pn the 
was easy to sec wheifKilifcttie 8^tuoh2ifer lines 
l<'wMpnt any change. Any yery^remailBiid^change I 
. <QQ#dl^^ discover. All thtft 1 'fahcied LeouJ^Vemarh was 
."•^P^BtejNasity of the spectrum light is^sdhjlwhat less 
ii^H ^P^ amvidomes from . the edge than whep from ' the 
" celHM p a ^ me disc ; and this is evidfcnced by the circum- 
staflilKpiat the fainter Fraunhofer lirifcs show themselves 
in tbifpiter case comparatively stronger, whereas, when the 
light i&Wes from the centre of the solar disc, the fainter 
lines wilt sometimes even totally disappear, While the 
stronger lines, as for example some of the iron lines, appear 
with correspondingly increased brilliancy ; as we know by 
Kirchhoff ’s experiments that an increased difference of 
intensity between the source of light and the absorbing 
gas is favourable to the distinctness of the lines in the 
'gas spectrum, it would seem that this observation is not 
repugnant td what we already know concerning the absorb- 
ing power of gases." 

: . VI. Stoney’s Conclusions. 


Such then was the theory of the physical constitution of 
the sun propounded by Kirchhoff and Angstrom, as a 
result of their spectroscopic enquiries. I have now to refer 
to still another, based upon an examination of the solar 
spetfnun which we owe to Mr. Stoney, a theory which will 
impress all who read it with its masterly treatment of a 
confessedly difficult subject . 1 

Mr. Stoney, far from agreeing with Kirchhoff that the 
spots are clouds, refers them like Wilson to a dark body 

1 Proc. R.S. vol. xvii. p. I , ft Stq. 
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within a concentric lumino^.hlm &t a. vast depth beneath 
the surface of the sun\ ajfjj^pphfere, the 4 part of that 
atmosphere, above the ^pfbs'phere being “enormously 
transparent 
shell of 
goes o*xbb 


above the mpfbspnere being 

s| v -of the rays which emanate frorp tftfe 
t Mfc SSfoney does not stftp here*, tie 





Qfehe ypper layers of the atmosj; 
sodiunC.^g^i^ «t»d^yctfogqn, are cooler than ; 
iron a«id that«these again are cooler than tile 

layers of 4^%ltanosph«rea of nickel, cobalt, copf 
zinc;" tlptf 7*We have evidence both that the at«' 
of the several ggses extend to different heights, ditf, 
temperature increases from the surface of the sol 
sphere dowrttVafrds. fie next suggests that the' ||$b$ifc#le 
order of the elements in the atmosphere beginning ^ the 
outer boundary depends upon their atomic weights.' f II this 
way we should have the atmosphere of hydrogen far over- 
lapping ail the rest ; then, at a profound depth, sodium and 
magnesium reaching nearly to the same height, as the 
masses of their molecules are nearly equal ; next, at a great 
distance further down, calcium ; then, in a group reaching 
nearly to the same height, chromium, manganese, iron, nickel 
and cobalt ; then, within a moderate distance of these, 
copper and zinc; and lastly, after a vast interval, barium. 

J his theory led Mr. Stoney before the eclipse of 1868 
to predict, with a considerable approach to truth, some of 
the results which have been since obtained. 


“When examined through a spectroscope, adapted to an equatorial 
telescope, much of the light of the corona may be found to resolve 
itself into a multitude of bright lines, the brightest being coincident 
with the faintest of Fraunhofer’s lines. If this should prove to be the 
case, and if the observer could tram himself to distinguish m the 
nuiry and under such novel circumstance the lines of the different 
gases, it would even be possible to ascertain how high in the sun’s 
atmosphere each reaches, by using a curved slit, and noting the moment 
lt m' C } 1 eac ^ bet of lines is obliterated b) the advancing moon This 
Mould be a determination of exceeding interest. The observations 
s louid commence immediate!) after the beginning of totality, and be 
tpt up to the end of it, as it is only from situations close to the sun’s 
isl that the brightest linfes can come. 

ibiectly outside the photosphere there lies a stratum of the sun’s 
mospiieie, which is still hotter than the photosphere, and on the 
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chap xm. outer boundary of this hot region there appears to be a shell of exces- 
sively feint cloud, part of which is to be seen in Mr. De la Rue’s photo- 
graphs of the eclipse of i860. It probably extends the whole way 
round the sun ; it is, therefore, veiy desirable that this faint shell, 
which seems to lie at a distance of eight or ten seconds of space from 
the edge of the sun’s disc, should Be observed,”* , 

Mr. Stortey was led to the opinion that in the upper 
regions of the sun’s sodium atmosphere/ at which the re- 
versal of the lines takes place, the temperature is lower than 
that of a Bunsen’s burner. The winged appearance of some 
lines, especially those of hydrogen, led Mr. Stoney to 
associate that appearance with a great quantity of the 
substance to which the lines were due; the absence of 
wings, as in the case of sodium, indicating a small quan- 
AbstHeeof tity. The absence of nitrogen and oxygen from the sun 
"“amT ^ conclusion that compound bodies exist in the 

„xy S cn. sun. The reason they are not revealed in the spectrum, 
being that the masses of the molecules are too high to 
enable them to reach the cool parts of the sun’s atmosphere.* 

* 

Here then ends the long parenthesis, which has extended 
over five Chapters, in which I have attempted to show 
how Spectrum Analysis helps us in the study of Solar 
Physics. So far we have confined ourselves to the method 
employed by Kirchhoff which deals with the average spec- 
trum of the sun. The remaining part of this book will 
deal in the main with the results obtained up to the present 
time by the new method , one in which each minutest portion 
of the sun is examined separately. To this new method 
reference has already been made in Chap. viiL 

i 

1 Monthly Not ice vol. xxviii. p. 19. Nov. 1867. 

* Proc. R.S. vol. xvii. p. 33. 




SOLAR PROMINENCES 
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THE FIRST RESULTS OF THE NEW 

•■■■ ' ME THOD> ^ 

In the year 1865 two very important memoirs, dealing cuaKxiv 
with all the telescopic and photographic observations ~~ 
accumulated up to that time on the subject of solar 
physics, were given to the world. One of them was 
privately printed in this country ; the other appeared in 
the Comptes Rettdus of the Paris Academy of Sciences. 

I shallnot detain you with a lengthened notice of these 
remarkable papers. I shall merely refer to the explanation F±piatU- 
given in both of them of the reason that a sun-spot appears 
dark— the very keystone of any hypothesis dealing with **** 
the physical constitution of the sun, 

English science, represented by Messrs. De la Rue, 

Stewart, and Loewy, said that a spot is dark because the 
solar light is absorbed by a cool, non-luminous, absorbing 
atmosphere, pouring down there on to the visible surface of 
the sun— in other words, on to the photosphere. 

• sc,ence > represented by M. Faye, said that a spot 

f S ft * s & hole in the photosphere, and the 

tb • luminous and therefore radiating interior gases of 
are there alone visible. 

ow most of you will see in a moment that here was a . 

" Car ,SSQe » which probably the spectroscope, and possibly 

1 nday'cvSg'IttiySth 1 186^) R ° yal InStitUtion of Great Brltain ’ 
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could sc^ve ; for the spectroscope is an instru- 
ment WKose special wilier it is to deal with radiation, and 
absorption. It tells us that the' light radiated from dif- 
ferent bodies gives us spectra of different kinds, according 
to the nature of the radiating body.—continuous spectra 
without bright lines in the case of solids and liquids • and 
bright lines, with or without continuous spectra, in the case 
of gases and vapours. It tells us also that absorption dims 
the spectrum throughout its length when the absorption is 
OtHeral general, and dims it here and there only when the absorp- 
‘ s st ^' t/trc > ^ lc "’ell-known Fraunhofer lines being, as 
tick. you will readily see, an instance of the latter kind. So 
that we have general and selective radiation, and general 
and selective absorption. 

Now then, with regard to the English theory, if there 
were more absorption in a spot than elsewhere, we might 
expect evidences of absorption ; that is, the whole solar 
spectrum would be visible in the spectrum of a spot, but 
it would be dimmed, either throughout the lengjh of the 
spectrum or in places only. 

With regard to the French theory, having only reflating 
gaseous matter to deal with, we should, according to 
the then generally received idea, get bright lines only 
in the spot spectrum. ' /' - 'kC~ s- 

Here, then, was a tempting opportunity, andone Vhich I 
considered myself free to use; for, although |itt*ip?Ctro- 
scopc had then been employed — and you ^11 
nobly employed— for four years in culling secteM feorn 
stirs and nebulm, there was not, so far 
published or unpublished observation on the s«ih, the 
nearest star to us. The field was therefore opett for me, 
k and I was not entering into a nother man's labour, when, 011 
the 4th of March, 1 866, I attached a smaHspectroscppe to 
my telescope, in order to put the rival theories to a test, 
and thus bring another power to bear bn a question which 
had remained a puzzle since it was first started by Galileo 
some two and a lialf centuries ago. 
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What I saw I will describe more fully by and by. It is 
sufficient here to mention that it was in favour of the 
English theory. There was abundant evidence of absorp- 
tion in the spots, and there was not any indication of 

gaseous radiation. 

Having then thus spectroscopically broken ground -on 
the sun, a very natural inquiry was how next to employ 
this extension of a method of research, the discovery of 
which Newton had called, nearly 200 years before, “the 
oddest, if not the most considerable, detection which hath 
hitherto been made in the operations of nature.’’ 

There seemed one question which the spectroscope should 
now put to the sun above all others, and it was this : — 

“ Assuming this absorbing atmosphere to encircle the 
sun, in accordance with the general idea and Kirchhoff’s 
hypothesis, what are those strange red flames seen appa- 
rently in it at total eclipses, jutting here and there from 
beyond: the sqn’s hidden periphery, and here again hanging 
cloudlike ?” 

. The tremendous atmosphere, which apparently the spec- 
troscdpe jBad now proved to be a cool absorbing one, was 
supposedtobe indicated during eclipses by a halo of light 
called the “corona,” in which corona the red flames are 
visible. Now, as the red flames are always observed to 
give ou# more light than the corona, they were probably 
hotter than it ; and reasoning thus on the matter with 
my friend Dr. Balfour Stewart one day, we came to 
the- conclusion that they were most probably masses of 
glowhig gas. . 

Now. this being so, the spectroscope could help us, and 
ih this way. 

The light from solid or liquid bodies, as you all I am 
sure know, is scattered broadcast, so to speak, by the prism 
"do a long band of light, called a continuous spectrum, 
because from .one end of it to the other the light is 
persistent. 
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The light from gaseous and vaporous bodies, on the 
cbntrary, is most brilliant in a few channels it is husbanded, 
and, instead of being scattered broadcast over a long band, 
is limited to a few lines in the band — in some cases to a 
very few lines. * • 

Hence, if we have two bodies, one solid or liquid and 
the other gaseous or* vaporous, which give out exactly 
equal amounts of light, then the bright lines of the latter 
will be brighter than those parts of the spectrum of the 
other to which they correspond in colour or refrangibilitv. 

Again, if the gaseous or vaporous substance gives out 
but few lines, then, although the light which emanates from 
it may be much less brilliant than that radiated by a solid 
or liquid, the light may be so localized, and therefore 
intensified, in one case, and so spread out, and therefore 
diluted, in the other, that the bright lines from die feeble 
light source may in the spectroscope appear much brighter 
than the corresponding parts of the spectrum of the more 
lustrous solid body. Now here comes a vcry*iroportant 
point : supposing the continuous spectrum of a solid or 
liquid to be mixed with the discontinuous spectrum of a 
gas, we can, by increasing the number of prisms in a spec- 
troscope, dilute the continuous spectrum of the. solid or 
liquid body very much indeed, and the dispersion will not 
seemingly reduce the brilliancy of the lines given out by 
the gas ; as a consequence, the more dispersion we employ 
the brighter relatively will the lines of the gaseous spectrum 
appear. 

The reason why we do not see the prominences every day 
in our telescopes is that they arc put out by the tremendous 
brightness of our atmosphere near the sun, a brightness due 
to the fact that the particles in the atmosphere reflect, to us 
the continuous solar spectrum. There is, as it were, a 
battle between the light proceeding from the prominences 
and the light reflected by the atmosphere, and, except in 
eclipses, the victory always remains with the atmosphere. 

You 'will sec, however, in a moment, after what I have 
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said, that there was a possibility that if we could bring a 
spectroscope on the field we might turn the' tide of battle 
altogether, assuming the prominences to be gaseous, as the 
reflected continuous spectrum might be dispersed almost 
into invisibility, the brilliancy of the prominence lines 
scarcely suffering any diminution by the process. 

The first attempt was made in 1866, a Herschel- Browning 
spectroscope being attached to my telescope, and the first 
and many succeeding attempts failed ; there was not dis- 
persion enough to dilute the spectrum of the regions hear 
the sun sufficiently, and as a consequence the tell-tale 
lines still remained veiled and invisible. Nature’s secrets 
were not to be wrested from her by a coup de main. 

The year 1868 brought us to the now famous eclipse, 
to see which scientific men hastened from all civilized 
Mu rope to India. To this eclipse and its results l need 
only refer, as they have already been dwelt on at some 
length in.|his theatre ; suffice it to say that in the eclipse 
the spectroscope did its duty, and that the gaseous nature 
of the prominences was put beyond all question. 

But there was a magnificent pendant to the eclipse, to 
which I must request your special attention. One of* the 
observers, M. Janssen — a spectroscopist second to none- — 
the representative, in that peaceful contest, of the Academie 
des Sciences and of the Bureau des Longitudes, was so struck 
with the brightness of the prominences rendered visible by 
the eclipse that, as the sun again lit up the scene, and the 
prominences disappeared, he exclaimed, “ 'Jc trverrai ccs 
hgnes la ! ” and, being prevented by clouds from putting 
his design into execution that same day, he rose next 
morning long before the sun, and as soon as our great 
luminary had risen from a bank of vapours, he succeeded 
m obtaining spectroscopic evidence of the protuberances 
*'e had seen surrounding the eclipsed sun the day before. 
During the eclip se M. Janssen had been uncertain even as 
0 the number of lines he had observed, but he now by this 
ncAV method at his leisure determined that the prominences 
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chap. xiv. were built up of hydrogen, this, fact being indicated by the 
~ ~ presence of two bright lines corresponding to the dark 
lines C and F in the ordinary solar spectrum. 

Let me show you how this result was accomplished, by 
throwing an enlarged photograph of my telescope and 



Fig* 84.— The spectroscope attached to the telescope for solar work, r, pillar of telescope : 
t, telescope ; s, finder ; I., eye~end of telescope : a, a 6 , supports of spectroscope ; <*, 
collimator ; c, prism-place ; e f observing telescope ; A, micrometer. 

Htm riser- spectroscope on the screen. We have first the object-glass 
V< v>eri S of the telescope, to collect the sun’s rays and to form an 

conducted, image of the sun itself on a screen. In this screen is an 
excessively narrow slit, through which alone light can 
reach the spectroscope. This entering beam is grasped by 
another little object-glass and transformed into a cylinder 1 
1 Cylindrical, or nearly so, that is, ih the case of each pencil. 
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of light containing rays of all colours, which is now ready 
for its journey through the prisms. In its passage through 
them it is torn by each succeeding prism more out of its 
path, till at crosses the path it took on 

entering, and enters the little telescope you see, thoroughly 
dismembered but not disorganized. 

Instead now of a cylinder of light containing rays of all 
colours, we have a cylinder of each ray which the little 
telescope compels to paint an image of the slit. Where 



Fit;. 85. — Enlarged view of spectroscope. d % collimator ; r, observing telescope ; 
h and m, two micrometers. ; 1, a, 3, 4, $, 6, 7, prisma. 


rays are wanting, the image of the slit remains unpainted 
— we get a black line ; and when the telescope is directed 
to the sun, so that the narrow slit is entirely within the 
image of the sun, we get in the field of view of the little 
telescope a glorious coloured band with these dark lines 
crossing it. 

Of course it is necessary for our purpose to allow only 
the edge of the sun to fall on the slit, leaving apparently 
a large portion of the latter unoccupied. What is seen, 
therefore , 1 is a very narrow band in the field of view of the 

1 This refers to observations with a radial slit. 
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cmav xiv. telescope, and a large space nearly dark, as the dispersion 
of the instrument is so great that the atmospheric light is 



l u. &>. ~l*»ue C with radial *lit 


almost entirely got rid of. for a reason you are already 
acquainted with. 



1M>2~ 


►“m;. #7« -Li«« (yel.ow), witli radial slit. 

Mr. Ladd will now show you on the screen what is seen 
when the slit reaches a prominence. First a line in the 
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red, very obvious and brilliant, next a more delicate line 



v 

Fig. —Line t ibluc green), witb radial r^lit. 


in the yellow, then another in the green, and two others in 
the violet ; all these lines, with the exception of the yellow 



r 

Fig. 89.7-Line C\ with tangential slit. 


une, are in the positions occupied by known lines of 
hydrogen. 


CHAP.* 
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chap.xiv. As the height of these bright lines must vary with the 
~ height of the prominences, and as the lines will only be 

visible where there is any hydrogen to depict them, it is 
obvious that the form of the prominences may be deter- 
mined by confining the attention to one line, and slowly 
sweeping the slit over it. 

• First The first fruits, then, of this new method of working with 
fruits. an unec iip S ed sun was to tell us the actual composition of 
the prominences, and to enable us to determine their shapes 
and dimensions. 

For the next steps you must permit me to refer more 
particularly to my own observations. 

The Chro- When I was first able to obtain results in this country 
mtspkirt. s j m jj ar those previously obtained by M. Janssen, though 
unknown to us, my instrument was incomplete ; when 
other adjustments had been added by Mr. Browning, I 
found that at whatever part of the sun’s edge I looked, I 
could not get rid of the newly-discovered lines. They 
were not so long as I had seen them previously, but there 
they were, not to be extinguished, showing that for some 
5,000 miles in height all round the sun there was an enve- 
lope of which the prominences were but the higher waves. 
This envelope I named the “ Chromosphere,” as it is the 
region in which all the variously coloured effects are seen 
in total eclipses, and because I considered it of importance 
to distinguish between its discontinuous spectrum and the 
continuous one of the photosphere. And now another 
came ou ** The bright line F took the form of an 
°line. arrow-head (see Fig. 88), the dark Fraunhofer line in the 
ordinary spectrum forming the shaft, the corresponding 
chromospheric line forming the head ; it was broad close 
to the sun’s edge, and tapered off to a fine point, an 
appearance not observed in the other lines. 

Nature is always full of surprises, and here was a sur- 
prise and a magnificent help to further inquiry lurking 
in this line of hydrogen! MM. Pliicker and Hittorf had 
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already recorded that, under certain conditions, the green 
line of hydrogen widened out ; and it at once struck ine 
that the “arrow-head” was nothing but an indication of 
this widening out as the sun was approached. 

I will now, then, for one moment leave the observatory 
work to say a word on some results recently obtained by 
l)r. Frankland and myself, in the researches on the radi- 
ation and absorption of hydrogen and other gases and 
vapours, upon which we have for some time been engaged. 

First, as to’ hydrogen: what could laboratory work tell 
us about the chromosphere and the prominences ? 

It was obviously of primary importance — 

1. To determine the cause to which the widening of the 
F line was due. 

2. To study the hydrogen spectrum very carefully under 
varying conditions, with a view of detecting whether or 
not there existed a line in the orange. 

We soon came to the conclusion that the principal, if 
not the only cause of the widening of the F line was 

pressure. 

Having determined, then, that the phenomena presented 
by the F line were phenomena depending upon and indi- 
cating varying pressures, we were in a position to determine 
the atmospheric pressure operating in a prominence, in 
which the red and green lines arc nearly of equal width, 
and in the chromosphere, through which the green line 
gradually expands as the sun is approached. 

With regard to the higher prominences, we have obtained 
evidence that the gaseous medium of which they are com- 
posed exists in a condition of excessive tenuity ; and that 
even at the lower surface of the chromosphere, that is, on 
the sun itself, in common parlance, the pressure is very far 
below the pressure of the earth’s atmosphere. 

Now I need hardly point out to you that the deter- 
mination of the above-mentioned facts leads us necessarily 
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cMAp.xiv. to several important modifications of the received theory 
of the physical constitution of our central luminary — the 
theory which we owe to Kirchhoflf, who based it upon his 
A 1 examination of the solar spectrum. According to his 

hypothesis, the photosphere itself is either solid or liquid, 
and it is surrounded by an extensive cool and non-luminous 
atmosphere composed of gases and the vapours of the 
substances incandescent in the photosphere. 

We find, however, instead- of this compound coot and 
non-luminous atmosphere outside the photosphere, one 
Ani'tiJM- which is fn a state of incandescence, is therefore luminous, 
and which gives us merely, or at all events mainly, the 
sit rro tt tiJs S pectrum of hydrogen ; and the tenuity of this incandescent 
atmosphere is such that it is extremely improbable that 
any considerable atmosphere, such as the corona has been 
imagined to indicate, exists outside it. 

Here already, then, we find the “ cool absorbing atmo- 
sphere” of the theorists terribly reduced in height, and 
apparently much more simple in its composition than had 
been imagined by Kirchhotf and others. Dr. Frankland 
and myself have shown separately — 

1. That a gaseous condition of the photosphere is quite- 
consistent w:ith its continuous spectrum, whether we regard 
the spectrum of the general surface or of spots. The 
possibility of this condition has also been suggested by 
Messrs. De la Rue, Stewart, and Loewy. 

2. That a sun-spot is a region of greater absorption. 

3. That when photospheric matter is injected into the 
chromosphere, we see bright lines. 

4. That there are bright lines in the solar spectrum 
itself. 

All these are facts which indicate that the absorption to 
which the reversal of the spectrum and the Fraunhofer lines 
are due takes place in the photosphere itself or. extremely 
near to it} instead of in an extensive outer absorbing 

1 I have italicised this passage in 1873, as some critics of my work 
have overlooked it. 
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atmosphere. And this con- 
clusion is strengthened by 
the consideration that other- 
wise the newly -discovered 
bright lines of hydrogen 
should themselves show traces 
of absorption on Kirchhoff’s 
theory ; but I shall show you 
presently that, so far from this 
being the case, they appear 
bright actually in the very 
centre of the disc, and, more- 
over, the vapours of sodium, 
iron, magnesium, and barium 
are often bright in the chro- 
mosphere, showing that they 
would always be bright there 
if the vapours were always 
present , as they should be on 
Kirchhoff’s hypothesis ; so 
that we may say that the 
photosphere plus the chromo- 
sphere is the real atmosphere 
of the sun, and that the sun 
itself is in such a state of fer- 
vid heat that the actual outer 
boundary of its atmosphere, 
ie. the chromosphere, is in a 
state of incandescence. 

With regard to the line in 
the orange I have nothing yet 
to tell. Dr. Frankland and 
myself are at the present mo- 
ment working upon it. 

I have next to take you a 
stage lower into the bowels. 
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.-Spectrum of Chromosphere, showing the different lengths of the lines of hydrogen, sodium, and magnesium. 
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•chap. xiv. not of the earth, but of the sun. Asa rule, the chromo- 
sphere rests conformably, as geologists would say, on the 
photosphere, but the atmosphere (as I have just defined 
Comvr/i** it) is tremendously riddled by convection currents; and 
where these are most powerfully at work, the upper layers 
sfkert. of the photosphere are injected into the chromosphere. 
Thus I have observed the lines due to the vapours of 
sodium, magnesium, barium, and iron in the spectrum of 
the chromosphere, appearing there as very short and very 
thin lines, generally much thinner than the black lines due 
to their absorption in the solar spectrum. 

These injections are nearly always accompanied by the 
Cmtor- strangest contortions of the hydrogen lines, of. which more 
l 'TrVr!>J-t/ presently. Sometimes during their occurrence the chromo- 
'.w. sphere seems full of lines, those due to the hydrogen 
towering above the rest. 


h n 



v 

fit*, tft . — Contortion* of F line in a prominence 


At the same time we have tremendous changes in the 
prominences themselves, which I have recently been able 
Attempt to to see in all their beauty. I attempted to accomplish this 
“fpromc * n the first instance by means of an oscillating slit; but 
uemet. hearing that Mr. Huggins had succeeded in doing the same 


223 


FjmpJ^uSULTS OF THE NEW METHOD. 

thing by' meih? , of absorptive media, using an open slit, cmap.xiv. 
it struck me at €ace that an open slit was quite sufficient, 
and this I find fodke. the case. By this method the smallest 
details of the prominences and of the chromosphere itself 
are rendered perfectly visible and easy of observation, 
atid for the following reason. As you already know, the 
hydrogen Fraunhofer lines (like all the others) appear dark 
because the light which would otherwise paint an image of 
the slit in the place they occupy is absorbed ; but when we 
have a prominence on the slit, there is light to paint the 
slit ; and as in the case of any one of the hydrogen lines 
we are working with light of one refrangibility only, on 
which the prisms have no dispersive power, we may con- 
sider the prisms abolished. Further, as we have the pro- 
minence image coincident with the slit, we shall see it as 
we sec the slit, and the wider we open the slit the more of 
the prominence shall we see. We may use either the red, .htv )>y- 
or green, or blue light of hydrogen for the purpose of /jf,'/'*,™, ^ 
thus seeing the shape and details of the prominences ; how »w to set 
far the slit may be opened depends upon the purity of the 
sky at the time. 

I have been perfectly enchanted with the sight which 
my spectroscope has thus revealed to me. The solar and 
atmospheric spectra being hidden, and the image of the 
wide slit and the part of the prominence under obser- 
vation alone being visible , 1 the telescope or slit is moved 
slowly, and the strange shadow-forms -flit past, and are 
seen as they are noticed in eclipses. Here .one is reminded, 
by the fleecy, infinitely delicate cloud-films, of an English 
hedge-row with luxuriant elms ; here of a densely inter- 
twined tropical forest, the intimately interwoven branches 
threading in all directions, the prominences generally ex- 
panding as they mount upwards, and changing slowly, 
indeed almost imperceptibly. 

It does not at all follow that the largest prominences 

1 This was accomplished by inserting a diaphragm with a small 
square aperture in the centre. 



244 - SOLA# P//VS7CS. 


chap. xiv. are those in which the intenscst action, or the most rapid 
change, is going on — the action as visible to us being 
generally confined %> the regions just in, or above, the 
chromosphere ; the changes arising from violent uprush or 
rapid dissipation — the uprush and dissipation representing 
the birth and death of a prominence. As a rule, the 
oj promt- attachment to the chromosphere is narrow and is not often 
single ; higher up, the stems, so to speak, intertwine, and 
the prominence expands and soars upward until it is lost 



Fit;. 92, — Prominence observed 14th March, 1 1 rh. jih. 


in delicate filaments, which arc carried away in floating 
masses. 

Since last October, up to the time of trying the method 
of using the open slit, I had obtained evidence of con- 
siderable changes in the prominences from day to flay. 

With, the open slit it is at once evident that changes on 

the small scale are continually going on; but it was only 
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on the 14th of March that I observed any change at all chap.xiv. 
comparable in magnitude and rapidity to those already 
recorded by M. Janssen. 

About 9h.'45m. on that day, with the slit lying nearly 
along the sun’s edge instead of across it as usual, I observed 
a fine dense prominence near the sun’s equator, on the 
eastern limb, with signs of intense action going on. At 
ioh. 50m., when the action was slackening, I opened the 



Fin. <)3.—TKe name prominence, itfi, 15m. 


slit and saw at once that the dense appearance had all dis- 
appeared, and cloud-like filaments had taken its place. The Chants /* 
first sketch, now exhibited (Fig. 92), embracing an irregular 
prominence with a long perfectly straight one, was finished 
at nh. 5m., the height of the prominence being 1' 5", or 
about 27,000 miles. I left' the Observatory for a few 
minutes, and on returning, at uh. 15m., I was astonished 
to find that the straight part of the prominence had en- 
tirely disappeared ; not even the slightest rack appeared 
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in its place. Whether it was entirely dissipated, or whether 
parts of it had been wafted towards the other part, I do 
not know, .although I think the latter explanation the 
more probable*one, as the other part had increased. 

ill ■-!*' ■,» 

So much, then, for the chromosphere and the promi- 
nences, which I think the recent work has shown td be 
the last layer of the true atmosphere of the sun. I 
shall now invite your attention to spots. 

Now, as a rule, precisely those lines which are Injected 
into the photosphere by convection currents are most 
thickened in the spectrum of a spot, and the thickening 
increases with the depth of the spot, so that I no longer 



Fic. 44. —Spectrum of a sun-spot, showing the increased absorption of the sodium vajxmr 
gradual it* the ’case of a spot v% uh shelving* and sudden in the cause of a spot with 

regard a spot simply as a cavity, but as a place|||Mftfch 
principally the vapours of sodium, barium,^J||i|^ 
magnesium occupy a lower level than they do3 ^j|Bp & 
in the atmosphere. 

I have told you before, that when these lines are observed 
in the chromosphere, they arc usually thinner than their 
Fraunhofer lines. 

I will now show a photograph of a spot-spectrum on 
the screen. You will see a black band running across the 
ordinary spectrum ; that black band indicates the general 
absorption which takes place in a sun-spot. Now mark the 
behaviour of the Fraunhofer lines ; see how they widen as 
they cross the spot, putting on a sudden blackness and 
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width in the case of a spot with steep sides, expanding 
gradually in a shelving one. The behaviour of these lines 
is due to selective absorption. 

We have, then, the following facts: mark them well : — 

1. The lines of soditim, magnesium, and barium, when 
observed in the chromosphere, are among those which are 
thinner than their usual Fraunhofer lines. 

2. The lines of sodium, magnesium, and barium, when 
observed in a spot, are among those which are thicker than 
their usual Fraunhofer lines. 

They show, I think, that a spot is the seat of a downrush 
or downsinking. 

Messrs. De la Rue, Stewart, and Loewy, who brought 
forward the theory of a downrush before my observations 
of an actual downrush were made in 1865, at once sug- 
gested as one advantage of this explanation, that all the 
gradations of darkness, from the faculae to the central 
umbra, may be supposed to be due to the same cause 
namely,. the presence to a greater or less extent of a 
relatively cooler absorbing atmosphere ; thus suggesting as 
one cause of the darkening of a spot — 

1 . The general absorption of the atmosphere, thicker hero 
than elsewhere, as the spot is a cavity. 

•Ijjft? which the spectroscope added in 1866, as you 

er selective absorption. 

f^j^pjWDr. Frankland’s permission to exhibit an expert - 
m ^w$^hnected with our researches on absorption which 
will snow you that this increased selective absorption can 
be fairly grappled with in our laboratories. I will show you 
on the screen the absorption line due to sodium vapour, in . 
° ne P a rt as thin as it is in the ordinary solar spectrum ; in 
another, almost if not quite as thick as it appears in a 
®Pot ; and I accomplish this' result in the following way : — 
Here I have an electric lamp, and by means of this slit 

only permit a fine line of light to emerge from it ; here 
t e beam passes through a bisulphide of carbon prism, and 
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cHAF.xiv. there you see on the screen the glorious spectrum, due to 
the dismemberment of the fine line of, polychromatic light. 
Mr. Pedler%ill now place a glass tube containing metallic 
sodium, 'seatlld up with hydrogen, in front of the slit, and 
will heat it with a spirit lanrtp. 

As the sodium vapour rises you see the dark line of 
absorption make its appearance as an extremely fine line, 
and finally you see that the light which traverses the upper 
layer of the sodium vapour scarcely suffers any absorption — 
the line is thin ; while, on the contrary, the light which has 
traversed the lower, denser layers has suffered tremendous 
absorption : the line is inordinately thick, such as we sec it 
in the spectrum of a spot. 

So much, then, for the selective absorption. My recent 
observations, to which I will shortly draw attention, show, 
I think, that it is of great importance, especially in con- 
nection with the fact that the passage from the penumbra 
to the umbra is generally less gradual than that from the 
photosphere to the penumbra. You see now how much is 
included in the assertion that the photosphere is gaseous. 

You are all, I know, familiar with that grand generaliza- 
tion of Kirchhoff s, by which he accounted for the Fraun- 
hofer lines. ' 

If we have a gas or a vapour less luminous than another 
lighfigource, and view that light-source through the^a%*|f 
vapour, then we shall observe absorption of those particular 
rays which the gaseous vapour would emit if incandescent. 

Let us confine our attention to the hydrogen Fratftihofcr 
lines. 

When I observe the chromosphere on the sun’s limb, 
with no brighter light-source behind it, I observe its 
characteristic lines bright. But when I observe them on 
the sun itself — that yr, when the brighter sun is on the 
other side of the hydrogen envelope, then, as a rule, its 
function is reduced — is toned ^ovvn— the envelope acts as 
an absorber— the lines are observed black. 
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Now what must we conclude when I tell you that, at the chap.xiv. 
present time, it is almost impossible to observ^the sun for , ~ 
an hour without observing the hydrogen lines* every now uj^fan 
and then, bright upon the sun itself ! \ bright upon 

Not only are the lines observed bright, but it would Us df. 
appear that the strongly luminous hydrogen is carried up 
by the tremendous convection currents at different pres- 
sures ; and under these circumstances the bright line is 
seen to be expanded on both sides of its normal position. 

Moreover, at times there is a dim light on both sides the 
black line, and the line itself is thinned out, showing that, 
although there is an uprush of strongly luminous material, 
the column is still surmounted by some less luminous 
hydrogen, possibly separated from the other portion, which 
still performs the functions of an absorber. This seems 
established by another fact, namely that at times the lines, 
still black, expand on both sides, as if, in fact, in these 
regions there were a depression in the chromosphere ; you 
already know that the pressure is greater at the base of the 
chromosphere than at the summit. 

For this reason it is best to observe these phenomena by L,ne F 
means of the green line, which expands in a more decided ’ stint to 
manner by pressure than does the red. 

I now come to a new field of discovery opened out by 
these investigations, a branch of the inquiry which I fear 
you will consider more startling than all the rest — a branch, 
however, which I have had many opportunities of study- 
ing, and which has required me to move with the utmost 
caution. I allude to the movements of the hydrogen Movements 
envelope and prominences at which I have before hinted* 

Anyone who has observed the sun with a powerful 
telescope, especially in a London fog — all too great a rarity 7. 
unfortunately for such wortifrrwill have been struck with 
the tremendous changes observed in spots.. Now', change 
uieans movement; and ls*spot phenomena occur* imme- 
diately below the level of the chromosphere, wc may easily 
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imagine, that the chromosphere and its higher waves, the 
prominerHSes, will also partake of the movements, be they 
up- or .Jipwn-rushes, cyclones, or merely lateral motions. 
I have thrown on the screen a photograph of a drawing 
of a sun-spot observed under the clear sky of Rome by 
Father Secchi — a drawing I regard as a most faithful coun- 
terpart of nature. 

Yoij see how the photosphere is being driven about and 



P'10-95 — Sunspot. (Skccbi.) 


contorted ; how here it seems to be torn to ribbons by the 
action of some tremendous force, how here it is dragged 
down and shivered to atoms. 

The spectroscope enables us to determine the velocities 
of these movements with a considerable approach to 
accuracy ; and at times they are so great that I am almost 
afraid to mention them to you. 

Let me first endeavour to give you an idea how this 
result is arrived at, and I must here beg your indulgence 
for a gross illustration of one of the most supremely 
delicate of Nature’s operations. 



FIRS T RESULTS OF THE A’EPV METHOD. 231 

Imagine a barrack out of which is constantly issuing chap.Yiv. 
with measured tread and military precision- aij infinite 
number of soldiers in single or Indian file ; and; suppose 
yourself in a street seeing these soldiers pass. Stand 

still, and take out your watch, and find that so many pass 
vou in a second or minute, and that the number of soldiers, 
as well as the interval between them, is always the same. 

You now move slowly towards the barrack, still noting 
what happens. You find that more soldiers pass you than Change oj 
before in the same time, and, reckoned in time, the interval bfity’bya 
between each soldier is less. motion of 

You now move still slowly from the barrack, i.e. with the 
soldiers. You find that fewer soldiers now pass you, and plained. 
that the interval between each is longer. 

Now suppose yourself at rest, and suppose the barrack 
to have a motion now towards you, now from you. 

In the first case the men will be payed out, so to speak, 
more rapidly. The motion of the barrack-gate towards 
you will plant each soldier nearer the preceding one than 
he would have been if the barrack had remained at rest. 

The soldiers will really be nearer together. 

Ia the second case it is obvious that the interval will be 
greater, and the soldiers will really be further apart. 

So that, generally, representing the interval between 
each soldier by an elastic cord, if the barrack and the eye 
approach each other by the motion of either, the cord will 
contract ; in the case of recession, the cord will stretch. 

Now let the barrack represent the hydrogen on the sun, 
perpetually paying out waves of light, and let the elastic 
cord represent one of these waves ; its length will be 
changed if the hydrogen and the eye approach each other 
by the motion of either. 

Particular wave-lengths with the normal velocity of light 
are represented to us by different colours. 

The long waves are red; 

The short waves are violet. 

Now let us fix our attention on the green wave, the 
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ciiap. xiv. refrangibility of which is indicated by the F line of hydro- 
~ gen. If any change of wave-length is observed in this 
line, and not in the adjacent ones, it is clear that it is not to 
the motion of the earth of sun, but to that of the hydrogen 
; i$self and alone that the change must be ascribed. 
r W I f the hydrogen on the sun is approaching us, the waves 
wiU jbe crushed together ; they will therefore be shortened, 
and the light will incline towards the violet, that is, towards 
the light with the shortest waves ; and if the waves are 
shortened only by the ri#a * #:<j)ri th of a millimetre, we can 
detect the motion. 

If the hydrogen on the sun is receding from us, the 
waves will be drawn out ; they wilt therefore be longer, and 
the green ray will incline towards the red. 

Conditwiu I must next point out, that there are two different 
frLl't r c » rcunistanccs under which the hydrogen may approach or 
ratss. recede from the eye. 

I have here a globe,, which we will take as representing 
the sun. Fix your attention on the centre c^ftis globe ; 1 
it is evident that an uprush or a downruslyprhecessary to 
cause any alteration of wave-length. A dyclone or lateral 
movement of any kind is powerless^ there will be no 
motion to or from the eye, but only #t right angles to the 
line of sight. * 

Next fix your attention on the edge of the globe— -the 
limb, in astronomical language ; here it is evident that an 
upward or downward movement is as powerless to alter the 
wave-length as a lateral movement was in the other case, 
but that, should any lateral or cyclonic movement occur 
here of sufficient velocity, it might be detected. 

So that we have the centre of the disc for Studying 
upward and downward movements, and the limb for 
studying federal pr cyclonic movements, if they exist. 

If the hydrogen-lines were invariably observed to 
broaden out oirboth sides, the idea of movement would 
1 I.t. the middle point of the hemisphere turned to each observer. 
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require to be received with great caution: we might be in 
presence of phenomena due to greater pressure, both .when 
the lines observed are bright or black upon the sun; but 
when they widen out, sometimes on one side, sometimes 
on the other, and sometimes on both, *this explanation 
appears to be untenable, as Dr. Frankland and myself jn 
our researches at the College of Chemistry have never 
failed to observe a widening out, equally or nearly so, on 
both sides the F line when the pressure of the gas has 
been increased. 

You see now on the screen (Fig. 96) a diagram showing the 
strange contortions which the F hydrogen line undergoes at 
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Fig. 96 - -Contortions of F line on disc, t and 2, rapid downrush and increasing tempera- 
ture ; 3 and 4, uprush of bright hydrogen and downrush of cool hydrogen ; 5, local down- 
rushes associated with hydrogen at rest. 

the centre of the sun’s disc. Not only have we the line 
bright, as I have before told you, but the dark one is 
twisted in places, generally inclining towards the red ; and 
often when this happens we have a bright line on the 
violet side. You see it (Fig. 97), sometimes, stopping short 
of one of the small sun-spots; swelling out prior to disap- 
pearance ; invisible in a facula between two small spots ; 
changed into a bright line, and widened out on both sides 
two or three times in the very small spots; becoming 
bright near a spot, and expanding uver it on both sides; 
very many times widened out near a spot, sometimes 
considerably, on the less refrangible side ; and, finally, 
extended as a bright line without any thickening over a 

small spot. 
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chap.xiv. \ v the other Fraunhofer lines on the diagram (Fig. 98) 

Mmtpn- looked upon as so many milestones telling us with 

mtmti# whaPtrapidity the uprush and downrush take place; for 
these twistings are nothing nftffeor less than alterations of 
walve-length, and thanks to Angstrom’s map we can map 
" distances along the spectrum from F in -ffcodVodo 1 * 18 
of millimetre from the centre of that line ; and we know 
thlfran alteration of that line | w oo * 0 tf6(| th mm. towards the 
vic^et means a velocity of 38 miles a second towards the 
eye; /.*', an uprush ; and that a similar alteration toward 


j Spot.tpcttruu: 


Fw;, 97, — Contortions of F Hue on disc, in connection with spot* and uprushe* of 
bright hydrogen. 

the red means a similar velocity from the eye, i.e. a down- 
rush. The fact that the black line inclines to the red shows 
that the less bright hydrogen descends ; the fact that the 
fojjgfat line — where both arc visible side by side— inclines 
td?thc violet, shows that the more vivid hydrogen ascends ; 
and the alteration of wave-length is such thafe zb miles a 
second is very common. 

Now, observations of the lateral motions at thedimb are 
of course made by the chromospheric bright lines seen 
Velocities at beyond the limb. Here the velocities are. very mil# more 
startling ; not velocities of uprush and downrush, as you 
than on new know, butswinging and cyclone motions of the 
,i,u ‘ hydrogen. ; r 

I will first show you a cyclone observed on the 
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of March, but before I do so let me make one remark. 
Although the slit used is as narrow as I can make ifc^let 
us say yj^th — I have not measured it — of an inch, 
of this breadth, of the stf^Pfriiage, is something consider- 
able, as. the glorious sun himself is painted by my ob 
g] ass only about *94 inch in diameter, so that after 
slit lets in to be analysed a strip some 1,800 miles wic 
Now, suppose we have a cyclone of incandescent byffro- 
gen some 1,500 miles wide tearing along with a very ripid 
rotatory motion, it is clear that all this cyclone could? fall 
within the slit ; and that if the rotatory motion wererwaffi- 
ciently rapid, the spectroscope should separate the waves 
which are carried towards us from those which are reofding. 



IflH MT1B WUI 


FiCi. $3.— Alteration* of wave-length in prominences. The dots show 

It does this : as you see, we have an alteration of wave- 
length both towards the red and violet, amounting to 
something like 40 miles a second. Now it should be clear 
to%ou that, by moving the slit first one way and then the 
4>ther, we may be able to bring it in turn to such positions 
that only the light proceeding from either side of the 
cyclone can enter it. Then we shall have changes of wave- 
length j n one direction only, in each case precisely as you 
see was observed. 

Now, let us suppose that, instead of a* cyclone, we have 
a motion of some portions of the prominence towards^the 
c J'e ; and that, moreover, the rate of motion varies exces- 


CHAF.XIV. 


,£$ze of the 
fortion of 
the sun in- 
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chap. xiv. sively in some portions. What we shall see will he this. The 
portion of the prominence at rest will give us no^alteration 
'mm*' of wave-length ; its bright line will be in » Imlfffith the 
corresponding black one in the spectrum. ^^*e portion 
moving towards the eye, |owever, will giy#;|ji- |,n altera- 
* tion of wave-length toward! the violet. now in a 

position to grasp the phenomena reveafed' Jn me;by my 
spectroscope on the 12th instant, when aCti^tOt’the F line 
was triple ! the extreme alteration of waVfe-JItigth being 
such that the motion of that part of the prominence giving 
the most extreme alteration of waVe*jerigth mult have 
exceeded 1 20 miles per second, if we &$r to explain these 



F«S, 99. —Solar cyclone. Left-hand diagram, retreating aide of cyclone on slit; centre dia- 
gram, both aide* on slit ; light hand diagram, advancing aide on elii. 


phenomena by the only known possible cause which is 
open to us. 

By moving the slit it was possible to see in which part of 
the prominence these great motions arose, and to follow the 
change of wave-length to its extremest limit 
ConHttiion By the kindness of Dr. Balfour Stewart, I ant able to 
'tofu and exhibit to you some of the Kew sun-pictures which show 
u j** co P ic you how these spectroscopic changes are sometimes con- 
* ****’ nected with telescopic ones. . 

On tb# 2 1st April there was a spot very nearthe limb 
which I was enabled to observe continuously for some 
time. i&t 7. 30 A.M. tjierc was a prominence visible in the 
field of view, m vyhtch tremendous action was evidently 
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croing on, for the C, D, and F lines were magnificently 
bright in |he ordinary spectrum itself, and as the spot- 
spec tru«n,#as also visible, it was seen that the prominence 
was in advance of the spot. The injection into the 
chromosp^e^t^urpassed anything I had seen before, for 
there waif a m|tfe]iesium cloud quite separated from the limb, 
and higji f\ 0 , prominence itself. 

By S.3a#|^a^i0n had quieted down, but at 9.30 another 
throb was ob^ertred, and the new prominence was moving 



away with tremendous velocity. While this was going on, 
the hydrogen lines suddenly became bright on the other 
side (the earth’s side) of the spot, and widened out con- 
siderably— indeed to such an extent that I attributed 
their action to a cyclone, although, as you know, this was 
a doubtful case. 

Now, what said the photographic record ? The sun was 
photographed at loh. 55m. A.M., and I hope you will be 
able to see on the screen how the sun’s surface was c^turbed 
near the spot. A subsequent photograph at 4I1. fm. PM* 
on the same day shows the limb to be actually broken 
ln ^at particular place : the photosphere seems to “have 
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238 


SOLAR PHYSICS. 


ckap.xiv. been absolutely torn away behind the spot, exactly where 
the spectroscope had afforded me possible evidence of a 
cyclone!- v ■' '• 

In connection with the last branches of the;'l|9S0arch 1 
have broogfit to your notice, I may remark fchat w© have 
two very carefully prepared recent maps ofthe solar 
spectrum, one by Kirchhoff, the other by AngstrOm, made 
a few years apart and at different epochs with regard to 
the sun-spot period. If you look at these maps, you will 
see a vast difference in the relative thicknesses of the C 
and F lines, and great differences in the relative. darkness 



and position of the lines ; and if I had time, I could show 
you that we now may be supplied with a barometer, so to 
speak, to measure the varying pressures in the solar and 
stellar chromospheres ; for, depend upon it, every star has, 
has had, or will have, a chromosphere, and there are no 
such things as “ worlds without hydrogen ” any more than 
A*f>u<a- there are stars witho.ut photospheres. I suggested in 186 b 
ti noattof ^at possibly a spectroscopic examinat^h of the suns 
slZr study limb might teach us somewhat of the outburst of the star 
’ n Corona, and already we sec that all that is necessary 
to get just such an outburst in our own sun is to increase 
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the power of his convection currents, which we know to chap.xiv. 
be ever at igllere, then, is one cataclysm the less in 
ustronomy^oher less “ World on Fire,” and possibly also 
a bright i^t thrown on the past history of pur own 
plan^S* 

I migRt show you further that we now are beginningto 
have a better hold on the strange phenomena presented by 
variable stars, and that an application of the fact? I have Applied- 
brought to your notice this evening, taken in connection 
with the various types of stars 1 which have been indicated ***rs. 
by Father Secchi with admirable philosophy, opens out 
generalizations of the highest interest and importance; 
and that, having at length fairly grappled with some of 
the phenomena of the nearest star, we may soon hope for 
more certain knowledge of the distant ones. 

At present, however, we may well leave speculation for 
those who prefer it to acquiring facts; let us rather, em- 
boldened by the work which this new method of research 
has enabled us to accomplish in this country, under the 
worst atmospheric conditions, in seven short months, go on 
quietly deciphering one by one the letters of this strange 
hieroglyphic language which the spectroscope has revealed 
to us — a language written in fire on that grand orb which 
to us earth-dwellers is the fountain of light and heat, and 
even of life itself. 

1 When this was written I did not know that Mr. Rutherford was 
the first to suggest this field of research. 
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I. —First Impressions. 


- chap. xv. If our American cousins in general hesitate to visit our 
little island, lest, as some of them have put it, they should 
fail over the edge ; those more astronomically inclined may 
very fairly decline, on the ground that it is a spot where 
the sun steadily refuses to be eclipsed. This is (he more 
tantalizing, because the Americans have just pbfceryedtheir 
third eclipse this century’, and already I have biifn invited 
to another, which will, be visible in Colorado, (pur days’ 
journey frdm Boston (I suppose I am right iff reckoning 



from Boston ?) on July 29, 1878. 

Thanks to the accounts in Silliman's Journal and the 
sophical Magazine, and to the kindness of Professors 
and Morton, who have sent me some exquisite 
iphs, I have a sufficient idea of the observations of 
tided eclipse, which happened, on the 7th of August 
make me anxious to know very much more about 
jr— -an idea sufficiehf also, I think, to justify some 
. irks on what we already know. " ■ 

S A few words are necessary to show the work that had 
to be done. • • 

An eclipse of the sun, so beautiful and yet so terrible to 
the mass of mankind, is of especial value to theaatfonofner, 
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because,. 


times the dark body of the* moot^flr out- chap. xv. 
sid« ouf*f|p^lAer», cuts 
and roun#lne>pa9P occupied by thefmeon, am 0t>on' 
eclipsed lun ;tigpb is t^ttdbre’ none ofit*© glar«|%h?ehw© 
usualljUief-a gjidre cayse^^by the reflection ; of the s>a||jf 
light by |Mf atmosphere.*- If, then, there wereataytl^ 
surroundSng'the.sun ordinarily hidden from us by thisygl 
we oughtjtpsee inuring e'clipseff? 

In pointybf feet, strange things are seen, Thei^i 
strange halo of pearly light visible, call|^thd^^i!ra|«a 
there are strange red things, which hav||^bee^^Wed ! 'W^< 
flames or red prominences/visible neawfir' the edge ^of t|i» 
moon— or of the spn which UesJjehind it. • : *' \ ■ ^ 

^ hough -\Ve might, as *1 have, pointed out, 'have 

nic$6iljPigS revealed to us during eclipses if they belonged 
to the sun, it does not follow that^they., belong _tg§ the 
sun because we see theht. Halley, 'If ©smtury and a *?ialf it* 


ago, was, I believe* the first petsonifo Insist that they wire 
appearances due to the moon’s sttmosphere, and it is only flames 
within the lasf decade that science has shown to i ^f tdu> 

everybody’s satisfaction — by photographing them, and show- 
ing that they were eclipsed as the sun was eclipsed, and' 
did not travel with the moon— that the*red prominences 
really do belong to the Sun. 

The evidence with regard to the corona was not quite 
so clear, but I do -not think I shall be contradicted when I 
say, that prior to the Indian eclipse last year the. general 
notion wa^.that the corona* was nothing more nor less than 
the atmdkpjflre of the sun, and that the prominences were 
thfags ftaating ia that atmosphere y" 

While astronomers had thus been slowly feeling their 
way, the labours bf Wollastoh, Fraunhofer, Hfcrschel, Fox 
Talbot, Wheatstone,, Kirchhoff, and Bunsen ivere providing 
them with an instrument of tremendous power, which was 
to expand their knowledge with a suddenness almost 
startling, and give* them previously undreamt-of powers 


'nwtft. 


1 Sec note on page 243. 
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chap. xv. ‘ Q $ reseapph. I allude to, the spectroscope', which urea first 
succes^il^rr used to examine the red flames during the 
edfofKftbf lastyuau*. *Htht the «pd flames were'composed 
on^|fogee, and that the spetg^dscdpe enabled us to study 
„t%»“day by day, were facts acquired to science indepen- 
dently by two observers many thousand miles apart. 



The red flames were “settled,” then, to a certain extent , 
but what about the corona ? 

After 1 ha/d ' been at work for some tii^e on the new 
method of observing the red flames, add after Dr. Prank- 
land and 4nyself had very carefully studied the hydrogen 
spectrum under previously untried conditions, wc came to 
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the conclusion th^l the spectro80$»^'^dencct.4rouglg chap. xv. 
fom api, both tin I the ototrvatory and 1^^ lab^tflpr, was 
against anysttch extensive p tmospjpre aape coroi% had and 
been imagined to indieat%, and we coinmunicat^dttr 
conclusions to the Royal S&tety. Since that timd, 
fess, the conviction that the corona 1 i$ nothing else thaQ 
an effect due to the passage of sunlight through 
atmbsphere near the moon’s place fife been growi ngstjjbjpger 
and stronger ; but there was always this consideratio$0o 
borne in mind, namely , that as the jfcctroscopic evident* f„ 


vatwn. 



depty 

th 
lOhere 
red-fla 
The 
What S 


to be 


inly upon the brilliancy of ifa lines, that eviMm^ 
trtain sense negative only, as me glare might defeat, 
tope with an uneclipsed sun in the coronal regions, 
temperature and pressure are lower than in- the 
region, 

at point to be settled then, in America, was,. 1 
e corona ? and there were many less ones.'* For 
instance, by sweeping round the sun with the spectroscope, 
both before and after the eclipse, and observing the pro- 
minences with the telescope merely during the eclipse, we 
should get a sort of key to the strange cypher-band called 
the spectrum, which might prove of inestimable value, not 
only in the future, but in a proper understanding of all; 
the telescopic observations of the past. We should, in 
be thus able to translate the language of the spectroscope," 

Again, by observing the spectrum of the same prominence 
both before and during, or during and after the eclipse; the 
effect of the glare on the visibility of the lines could be 
deternyned— but I confess I should not like to be the observer 
charged with such a task. 

What, then, is the evidence furnished by the American 
observers on the nature of the corona? It is bizarre and 
puzzling to the last degree ! The most definite statement "*"»"*• 
°n the subject is, -that it is nothing more nor less than a 

! This word was applied when it was written to the coronas one or two 
oiar diameters high, with rays s6tm#degrees long ; and not, as some 
ave asserted, to the coronas which are seen before and after totality. 
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chap. xv. permanent solar aurora 4 the announcement being founded 
on the fact, that three bright lines i^tnained visible after 
the image of a prominence had been moved away from the 
slit, and that one (if not all) of these linesiscoincident 
with a Jjne (or lines) noticed in the spectrum of the* aurora 
Itorealit by Professor Winloek. 

-Uowit so happens that among the lines which I have 
Observed up to the present time-some forty in number— 
thi* pie, is among those which I have most frequently 



Pig. ioj.— Copy of s photograph of the American Kclipre of Angiirt 7, 1869. obtained l, y 
Professor M or ton’* party, n, r, Moon’* p*ub. 


Tht p-mt recorded ; it is, in fact, the first iron line which- makes 

r °i^ its appearance m the part of the spectrum I generally 
study when the iron vapour is thrown into the chromo- 
sphere. Hence I think that I should always see it if the 
corona were a permanent solar aurora, and gave out th'S 
as its brightest line; and on this ground alone I should 
hesitate to regard the question as settled, were the new 
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hypothesis less startling than it 4 s. The position of the chap, x 
line is approximately shown in the woodcut (Fig. 90) near 
E, togetherwith thtfotheriines more frequently seen. 

It is only fair, however, to Professor Young, to whom 
is due this important observation, to -add that Professor 
Harkness also declares for one bright line in the s^edttum a con- 
of the corona, but at the same time he, Professor Pickering, *«««/., 
and indeed others, state its spectrum to be also conditions, 
a remark hard to understand unless we suppose the^slit to ihearron 



* 

tio. 104.— General view of the protuberances, American Eclipse, August 71b, 1S69* 

have been wide, and the light faint ; in either of which 
cases final conclusions can hardly be drawn either way. 

So much, then, for the spectroscopic evidence with which 
we are at present acquainted on the most important point. 

The results of the other attacks on the same point are iHcMug's 
equally curious and perplexing. Formerly, a favourite 
argument has been that because the light of the corona rHkiom. 

Is P°larir.ed, therefore it is solar The American observers 
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chap. xv. state that the light is not polarized 1 * — a conclusion, as M. 

Faye has well put it, “ very embarrassing for Science.” 
Further,—stranger still if possible,— it is stated that another 
line of inquiry* goes to show that, after all, Halley may be 
right, and that the corona may really be due to a lunar 
atmosphere! 

Question if f think I have said enough to show that the question 
“’'states?* *ke corona is by no means settled, and that the new 
method has by no means superseded the necessity of care- 
fully studying eclipses in fact, their observation has become 
of much greater importance than before; and I earnestly 
hope that all future eclipses in the civilized area 'in the 
old world will be observed with as great earnestness as the 
last one was in the new. Certainly, never before was an 
eclipsed sun so thoroughly tortured with all the instruments 
* ■' 5- of Science. Several hundred photographs were taken, with 
- . a perfection of finish which may be gathered from the 

accompanying reproduction of one of them in Fig. 103. 

The Government, the railway and other companies, 
and private persons threw themselves into the work with 
marvellous earnestness and skill ; and the result was that 
the line of totality was almost one continuous observatory, 
from the Pacific to the Atlantic. We read in Sillvnaris 
Journal, u There seems to have been scarcely a town of any 
considerable magnitude along the entire line, which was not 
gar risoned by observers, having some special astronomical 
nfpblem in view." This was as it should have been, and 
me American Government and men of science must be 
congratulated on the noble example they have shown to 
us, and the food for future thought and work they have 
accumulated. 3 

1 Sec a paper by Professor Pickering, Journal of the Franklin 
Institute, December 1869, p. 373. 

* Since writing the above, I find the foilowing indepcndent testiniony 
in favour of Dr. Frank land's and my own notion of the corona in tnc 
Aslronomische Naehrkhten , from the pen of Dr, Gould, He say* 

“ Its form varied continually, and 1 obtained drawings for three ejjocns 
at intervals of one minute. It was very irregular m form, and w n ’ 
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II. My Communication to the Royal Society . 1 

By the kindness of Professors Winlock, Morton, and 
Newton* I have been favoured with photographs, and as yet 
unpublished accounts, of the results of the recent total 
eclipse of the sun observed in America. I am anxious, 
therefor^, to take the opportunity afforded by the subject 
being under discussion, to lay a few remarks thus early 
before the Royal Society. 

The points which I hoped might be more especially Point* to 
elucidated by this eclipse were as follows: — 6 date J 

1. Is it possible to differentiate between the chromosphere 
and the corona ? 

2. What is the real photographic evidence of the struc- 
ture of the base of the chromosphere in reference to, Mr. 

W. De La Rue’s enlarged photographs of the eclipse 
of i 860 ? 1 _> ' 

3. What is the amount of the obliterating effect of the 
illumination of our atmosphere on the spectrum of the 
chromosphere ? 

4. Is there any cooler hydrogen above the prominences ? 

5. Can the spectroscope settle the nature of the corona 
during eclipses ? 

With regard to I, the evidence is conclusive. The chro- Point 1. 
mosphere, including a “radiance,” as it has been termed by 
Dr. Gould (the edge of the radiance as photographed being 
*n places strangely like the edge of the chromosphere 
viewed with the open slit), is not to be confounded with 
the corona. 

On this subject, in a letter to Professor Morton, Dr. B. 

A. Gould writes : — “ An examination of the beautiful 

apparent relation with the protuberances on the sun, or the position of 
the moon. I indeed, there were many phenomena which would almost 
k' “ *° *be belief that it was an atmospheric rather than a cosmieat 
phenomenon. One of the beams was at least 30' long.” (1869.) 

Received December 7, 1869 ; printed ^ roc ' & & vol. xviii. 
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nup. xv. photographs made at Burlington and Ottumwa by the 
sections of your party in charge of Professors Mayer and 
Haines, and a comparison of them with my sketches of 
the corona, have led me to the conviction that the radiance 
around the moon in the pictures made during totality is not 


V 




/ 



Fig, io£--Goohf* drawing of the corona, near the beginning of totality, at Buffington. 



at all, but is actually the image of what Lockycr 
Hd the chromosphere. 

“This interesting fact is indicated by many different 
considerations. The directions of maximum radiance do 
not coincide with those of the great beamsof the corona , 
they remain constant, while the latter Were vanablc. There 
is a diameter approximately corresponding to the solai 
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axis, near the extremities of which the radiance upon the 
photographs is a minimum, whereas the coronal beams in 
these directions were especially marked during a great 
part of the total obscuration. The coronal beams stood 
in no apparent relation to the protuberances, whereas the 



J KJ. 106.— Goukl’s drawing of the corona, near the end of totality, at Burlington. 


aureole seen upon the photographs is most marked in. their 
immediate vicinity ; indeed the great protuberance, at 230° 
to 245°, seems to have formed a southern limit to the 
radiance bn the western side, while a sharp northern limit 
is seen on all the photographs at about 350°, the intermediate 
arc being thickly studded with protuberances which the 
moon displayed at the close of totality. The exquisite 
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chap, xv. masses of flocculent light on the following limbs are upon 
the two sides of that curious prominence at 93°, which at 
first resembled an ear of corn, as you have said, but which, 
in the later pictures after it had been more occulted, and 
its southern branch thus rendered more conspicuous, was 
like a pair of antelope’s horns, to which some observers 
compare it. Whatever of this aureole is shown upon the 
photographs was occulted or displayed by the lunar motion, 
precisely as the protuberances were. The variations in the 
form of the corona, on the other hand, did not seem to be 
dependent in any degree upon the moon’s motion. The 
singular and elegant structural indication in the special 
aggregations of light on the eastern side may be of high 
value hi guiding to a further knowledge of the chromosphere. 
They are manifest in all the photographs by your parties 
which 1 have seen, but are especially marked in those of 
shortest exposure, such as the first one at Ottumwa. In 
some of the later views they may be detected on the other 
side of the sun, though less distinct ; but the very irregular 
and jagged outline of the chromosphere, as described by 
Janssen and Lockyer, is exhibited in perfection.” > 

/*,<,// 2 . * The second point is also referred to in the same letter, 
l jhink the American photograph? afford evidence that 
ciUain appearances in parts of Mr De La Rue’s photo- 
graphs, which represent the chromosphere as billowy on 
its under side, are really duetto some action either of the 
moon’s surface or of a possible rare lunar atmosphere ; so 
that it is not desirable to confound these effects with 
others that might be due to a possible suspension of the 
chromosphere in a transparent atmosphere, if only a section 
of the chromosphere were photographed. 

Dr. Dr. Gould writes : — “ You will observe that some of the 
brighter, petal-like fiocculi of light have produced apparent 
indentations in the moon’s limb at their base* like those at 
* the bases of the protuberances. These indentations are 

evidently due to specular reflection from the moon's surface, 

as I stated to the American Association at Salem last 
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month. Had any doubt existed in rhy mind previously, chap. xv. 
it would have been removed by an inspection of the 
photographs.” 

Where the chromosphere is so uniform a light that the 
actinic effect on the plate is pretty nearly equal, the base 
of the chromosphere is absolutely continuous in the 
American photographs ; but in the case of . some of the 
larger prominences, notably those at + 146 (Young) and 
— I30 (Young), there are strong apparent indents on the 
moon’s limb. 

I next come to the obliterating effect of the illumination /w 3. 
of our atmosphere on the spectrum of the chromosphere. 

This is considerable ; in fact the evidences of it are very 
much stronger than one could have wished, but hardly 
more decided than I had anticipated. Professor Winlock’s 
evidence on this point, in a letter to myself, is as follows : — 

“ I examined the principal protuberance before, during, and 
after totality. I saw three lines (C, near D and F) before 
and after totality, and eleven during totality ; eight were 
instantly extinguished on the first appearance of sunlight." 

This effect was observed with two flint prisms and seven 
inches’ aperture. Professor Young, with five prisms of 45 0 
qltd four inches aperture, found the same result in the part 
of the spectrum he was examining at the end of the totality. 

He writes : “ I had just completed the measurements Professor 
of 2602, when the totality ended. This line disappeared 
instantly , but 2796 [the hydrogen line near G] was nearly 
a minute in resuming its usual faintness.” These observa- 
tions I consider among the most important ones made 
during the eclipse ; for they show most unmistakably that, 
as I have already reported' to the Secretary of the Govern- 
ment-Grant Committee, the new method, to be employed 
under the best conditions, must be used with large apertures 
and large dispersion. 

On the fourth point the evidence is but negative only, Point 4 . 
and therefore iq. favour of the vielv I have some time ago 
communicated to the Royal Society. 
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chap. xv. We next come to the question of the corona, — a question 
Poin , whichjias been made more difficult than ever (in appear- 

* 3 ance only, I think) by the American observations. 

I propose to discuss only the spectroscopic observations 
of Professors Young 1 and Pickering in connectioirwitfiDr. 
Gould’s before-quoted remarks. * t 

Professor Pickering, with an ordinary cheri%^spectro- 
scope, merely directed to the sun’s place durinjf totality, 
obtained the combined spectrum of the protuberances and 
corona. He saw a continuous spectrum with tw&or*tftrce 
bright lines, one “ near E,” and a second “ near C.”; 

Professor Young, who used a spectroscope- specially 
adapted for the work, in which only one part of the pro- 
minence at + 146° was being examined, saw C, near D, 
a line at 1250+ 20, and another at 1350 + 20 of Kirch- 
hofTs scale. The rest of the observations I give in his 
own words : — 

FxUnnoH “Then came the 1474 K line, which was very bright, 
0l thegTten t ^ ou gh by no means equal to C and D s ; but attention was 
ioronal immediately arrested by the fact that, unlike them, it 
"hiu-Me extended clean across the spectrum ; and tm moving the 
width 0/ slit away from the protuberances, it persisted, while D„ 
'tram. visibly in the edge of the field, disappeared. Thus it was 
evident that this line * belonged not to the spectrum of the 
protuberance, but to that of the corona. My impression, 
but I do not feel at all sure of it, is that the two faint lines 
between tfe and D s behaved in the same manner, and are 
also corolla lines.* 

* Professor Young's observations will be given im txUttso in the 
Appendix. 

* “On two or three occasions previously I had beeflyrery much 
surprised at not being able to- detect this line in the spectrum of 
unusually bright prominences. On the other band, I once found it 
very caw to see at a place on the sun’s limb wherethe other chromo- 
sphere lines, usually far more brilliant, were almost invisible.’! 

* "A careful examination of the photographs, especially No*** 01 
the Burlington totality pictures, somewhat dumnishes my confidence 
in the conclusion of the text as to the nature of these three line* 

( 1 250, 1350, and 1474), They certainly do not belong to the spectrum 
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« I am confirmed in this opinion by Professor Pickering’s chap, ^ 

observation. He used a single-pri$m spectroscope, with 

the slit of the collimator simply dfrefted to the 

having no lens in front of it. With this arrangement he observe. 

saw only three' dr four, bright lines, the brightest near E , ' on ' 

Is exactly what ought to occur if that 
line belongs "to the corona, which, from its great 

extent, flnrlilshed to his instrument a far greater quantity 
of light lHati the prominences. 

"By this time the moon had advanced so far that it 
became'ftetessafy to shift the slit to the great prominence 
on the &pposite side of the sun. While my assistant was 
doing this, I suppose I must, in the excitement of the 
moment, have run my eye-piece over the region of the 
magnesium lines ( b ), and thrown them out of the field 
before he had .brought anything upon the slit. At any 
rate 1 saw nothing of these lines, which were evident enough 
to several other observers, and can think of no other way to 
account for their having escaped me. The F‘ line in the Appear- 
spectrum of the great protuberance was absolutely glorious, ""y 
broad at the base and tapering upwards, crookedly, as 
Lockycr has before often observed. Next appeared a new 
line, about as bright as 1474 at 2602 + 2 of KirchhofT s 

of the most brilliant portion of the prominences ; but around the pro- 
minences of the eastern limb, on which the slit of the spectroscope was 
directed during the first half of the totality', the photograph shows a 
pretty extensive and well-defined nebulosity, evidently distinct from, 
though associated with, the brilliant nuclei. Now it is possible that 
these lines may belong to this nebulosity, and not to the corona proper.; 
for I cannot recall with certainty whether 1474 retained its bnlliance 
at any considerable distance from the prominences, or only in their 
immediate neighbourhood. My strong impression, however, is that 
the former was the case, and that the text is correct. I may as well 
confess tha+my uncertain memory here is due to the fact that just at 
this time, #nile my assistant was handing me the lantern with which 
to read the, m(crometer-head, I looked over my shoulder for an 
instant, and bjsheld the most beautiful and impressive spectacle upon 
which my eyes have ever rested. It could not have been for five 
sec ^^4 but4he : effect was .so overwhelming as to drive away all 
certain recollection Of what I had just seen. What I have recorded 
1 recall fronUfhy notes twfh down by my assistant.” 
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tip**, xv, scale. Its position was* carefully determined by micro- 
raetri^l reference to* the next line* 2796 K (hydrogen <y) ( 
whf^vras very bright ; A was also seen, .very clear, but 
hatdly brilliant In all, I saw nine bright’lines. 

“ A faint continuous spectrum, without any ttpces of 
dark lines in it, was also visible, evidently dWto the 
T%> n ?i/ corona. Its light, tested by a tourmaline applied hex# to 
Zr'.i't the eye, proved "t$ be very strongly polarized ill a plane 
/w,»r-w. passing through the centre of the sun. I am not sure, 
however, but that this polarization, as * suggested by 
Professor Pickering, may have been produced by the 
successive refractions through the prisms. This explana- 
tion at once removes the difficulty otherwise arising from 
the absence of dark lines ” 


I have first to do with the continuous spectrum, deduced 
from Professor Pickering’s observations. ' 1 * ’ 

I think in such a method of observation, even if the 
corona wertiPterrestrial and gave a dark line spectrum, the 
lines visible witbsuch a dim light would in great part be 
obliterated by the corresponding bright lines given cfe&by 
the long arc of chromosphere visible, to say noth ipfkiEgf the 
prominences, in which it would be strange if C, D, E, b, F, 
and many other lines were not reversed. This sugge^ion, 
I think, is strengthened by the statement that twa bright, 
lirtes were seen “ near C ’’ and u near E should we ndt 
rather eeag (for the “ near ” shows that we are only Sailing 
with approximations) C and F, which is exactly what we 
4Hp>t expect ? 

out even ’this is not all that may be ^zgded on the 
subject of the continuous spectrum, which was also seen 
by Pfofessor Young under^dlfTcrent conditions. ,* 
Assuming the corona 1 tcTbe an atmc«pheriC;^fect Jtiferelyj 
as I have before asserted it to be, it 4&eetn£|ojjb' 'that to 
spectrum should be continuous or m P % t plbafe? * 

asiftuch due to the light of the hsjtb 

1 See net* on page^M^ 
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of the photosphere, which, it may be said roughly, are 

complementary io each other ? * 

With regard tQ|he aurora theory, I gather from Ptofe^or 
Young’s note that, if not already withdrawn* jjie is anxious 
to waifljlil the next eclipse for further facts- I consider 
that tfteract that I often see the line at 1474, often do 
not, ts fsrtal to it, as it should be constantly visible on the 
proposed hypothesis. The observ ation of iron-vapour, as 
1 hold it to be af this elevation, is of extreme value, coupled 
with its simple spectrum, seen during an eclipse , as it 
entirely confirms my observations made at a lower level 
m the case, not only of iron but of magnesium. 


[The following communication from Professor Young, 
printed in Nature , March 24, 1870, commenting upon 
some of the views advanced above, is here given : — 


is not impossible that the sorcalled corona may be complex. 
Som$ portion of its radiance maj, pet haps, originate in our own 
atmosphere, although >1 do no* yet find mv self able # accord with 
the preclusions of Dr. Gould and Mr. Lockver in this respect, and 
ana strongly disposed to believe that the % vhole phenomenon is purely 
solar. 

“Thin much appears certain, however, that theic exists outside 
of the chromosphere properly so called {/.*., the envelope of tea 
hydrogen), and as distinct from it as it is from the photosphere , 
an immense atmosphere of self-luminous substance, extending to 
a distant^ of from 5' to 8' 'fVom the sun’s surface, and probably 
ifttteh further in places— phosphorescent dust or fog in a glowing gas, 
44 ft* support ot this idea I adduce the photograph of Mr. Whipple, 
taken kt Shelbyville, Ky., with an exposure of 4°\ Ojt this, the 
photo lytic corona (if I ma> us€ the cxpiessioa to distinguish it fagtn* 
visthte hose points of maximum brilliance wenp, acced- 

ing tb Dr, Goultfj^ntirely different) reaches a height of 6'. Professor 
Harkncss obsejh'ed the 1474 line in the spectrum of the corona at a 
distance of neatly f from the sun's limb, and not near to any proroi- 
nenOfc 1 do not know the precise elevation at which I saw it, but k 

Waft ftfil We ^i«kn •%* 
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the idea is confttfn&l by the spectroscopic obser- 
r PiclHring, who used a single prism instrument, 
>]y directed towards the sun, not attached to a 
L “ * thrbe or four lines, the brightest in the 
& thbr line, when observed. by throwing* 
kjBm the slit, is Very feint as compared 
A slty, as seen by him, can only ‘be 
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chap. XV. accounted %r by s«pppsing that the luminous are^fro*p*which it 

wasMerfVed fer exceecjjWlbat of the chromosphere, imd prominences 

. Mmtm noticed al*S*S&« some of the observes# of the lhdian 
and Pogson) speak of the intensity of the green ^ line 
nkU^n^^ein the lauie manner as PtWessor ttrferiVr- 

baldly add Jg|p$ro$ssor Picfertng’s oWei^pm .of the 
nonpolaruation or the corona concurs with what has befefijii d. 

“As to the feint continuous spectrum ;! nm sure thfiffc^ reported 
.absence of darkrli$e*was not the result of insufficient observation. 

“I could rm failed to see D t E, A ig6t, F and G f hii v they 
existed ; for in a spictrum of similar brightness formed 6^ a light 
from, a cloud, not only these but marty other lines are visible in my 
instrument. "Now, the absence of some of these might, perhaps, be 
accounted for on the ingenious hypothesis propiteeg} bi&Mr. Lockyer* 
but this would not apply to D, E, or G. [Why not?— J.N, L.] 

4 * But if we admit the existence of faintly luminous solid or foggy 
matter near the sun, either meteoric or arising from the doudy con- 
densation of a non-pennanent gas, thp^hole is at once easy of com- 
prehension.” 

The auroral theory of the corfcna is thus referred to s~ 

“The objection pressed by Mr. Lockyer that the bright line 1474 
is only occasionally visible, is, 1 think, unfounded. At any rate 1 have 
never failed to see it myself when looked for, and very seldom to 
make it visible to others when I have wished to exhibit to them. It 
is faint, and, like a difficult microscopic object, requires management 
to bring it out with live prisms ; but by placing the stit%mg^ptiai to 
the sun's disc, and giving the instrument a slight jar, tr&^een to 
dash out as the limb passes off the slit. It is worth too, 

that it is often especially plain at portions of the timh^wfierc.lhe 
chromosphere is unusually shallow and faint. 

“But while I think it probable that this line coincides with the 
aurora line reported by Professor Winfock at 1 5 jp. ; qt / j^^#iuggihs‘ 
spile, I am by no means sure of it. 1 understand lts n^ign^positi^n 
rented upon, a single observation with a chemical and 

the probable error of such a determination cannot 
ten dmsSlli of Kirchhoff’s scale. I have n y 

attempts to determine its position for myself, but bive Ifecvcr teen it 
except thrice, and then not long enough aft a tsomplete a 
measurement. I am only sure that its position H$° an(l 

1490 ofKirchhoff. ^ 

. ITm. tkf. UMOnn .llliAtuvk T An nnt *il i H fkl* hvrtrtthcsi ? • 


anccs In tike solar atmosphere as die result 
currents known to $ci9t‘tl}cre , as wfeUas th|p 
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thlf experiments no?|jh progress may throw 
liecft 


fS closing this long con 


ation, that it seems to 


rojv 1 % *?L 

iortieligh|*ntta| 

ttMoy J - w „ ... . . . . 

ne that ' v.rfgobl^HBMtevatiens might be made at the Eclipse of ttext 
Decei^w*%iWng up t^scopes with a m md glass s^ne scroti, 
,pon which aB-Hijage of % dorona ^o^tfcre uMAes^urfuuheter 
hould beliSltwii ; tljc ground glass haying *fBe roughened Sidpnext 
he pbsemSySb that he could sketch upon if with a lead pencil die 
•mimes of the image, the glass being made long enough tb id low of 

several shch sketches. ' " t -s» 

« The comparison of a series of such outlines would decide the 
juestion # changes ih the coronal streamers, as the ^ketches, being 
$ i tuple traci ntrs; could not but be "accurate in their indications of 
msiti&it”] 
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J — A Lf.ttek FROM VEXtcfe* 

• p?.,. % '■ :■ 

ir u\\v£ CLOUD in Sicily, cloud in Spain, > Such at 

first sight might seem to be the only rfcsult of all the 
observations made on the eclipsed sun of 1870 ; such the 
reception given by Nature to those wno wooed Tier as she 

1 I should ho wanting in gratitude if I did not record one feet here 
ill connection with this expedition. Ow ing to those whose duty it 
was to bring the requirements of science before l&fcf Government 
appealing to the wrong department, and other causes* fiands to aid the 
observations were in the first instance refused. At juncture, Pro- 
fessor Peirce, the distinguished director of life expedition equipped 
in the most liberal manner by the American Gorafem^nt, arrived 
in this .country, and hearing of the position of affaiite, at once did 
me the honour to send me the following letter; — . 

“ Hotel 

Pr&fmvr'X . “ Mv dear Sir, — I have been directed by the GpK^nmeru of the 
Panes ^United States to have the best possible 6bservniion$jfm^0 the total 
Utter. eclipse of next December. If I could aid the by 

assisting the observers of England in their irtVe4^pBfe6s > of this 
phenomenon, I should be greatly pleased* I lake 
to invite your attendance, and also that of other awftment physicist* 
of England, with cither of the panics of ray expedition, one of wmen 
wittgo to Spain and the other to Sicily. * 

“ Yours very respectfully and faithfully, 

** Beniamin Peirce. 


“J. Norman Lockyer, Esq. FVR.S.” 

I at once accepted this generous offer, 

I must also add, in justice to our own 1 
of ray instrument* had been dipped to Si 
made, and it fell to my lot by an 

* Where I was snowed 
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had nev^r bee© wooed before, wh<*appr«fisj|died her full of chakxvi. 
the rarest ^ftfNvhidffiScience has disposal. ~ 

But, after all, has the orat^pM^ |fc^^4 , thiiik not. 

Dare we, however, say that of the 

Corona, that one a:mong thfS^i^|^agll s outstanding diffi- 
culties which the eclipse, was irt^oked|t^S€|tle, is settled ? 

This, perhaps, would be saying too niuch, i^hatill, I think, 
a step in advance has*been made; The or%le has spoken 
darkly perhaps, hut fa /ias spoken. - ‘ * • 

•' ’ - 4 . i.r V J :> 

upon reqi^ of science to the Chancellor of the 

Exchequer mE^.owe, and Mr. Stansfeld, who thus heard of the matter 
for the first tjtne. Nothing could exceed the anxiety at once shown 
to aid the wofk^ &rtd the subsequent supply of ships, money, and 
general aid l^;|tjdt%ing tq be desin&d. 

The ex^edtt^ ^bich eventually left England was made up as 
follows':-— .. -;vy- - 

A,— Spanish and Algerian Party. 

* -i *r 

/. Cadiz detachment. In charge— The Rev . S. J. Perry. 

Spectroscope — The Rev. S. J. Perry and assistant (Mr. Hostage , 

M r. Abbavv 

Poldtiscope —Mr. Moulton, Mr. Hudson, Mr. Fison. '* 

Sketches qf Corona — Mr. Naftel, Mr. Smyth, Mr. Penrose, Sir. 

Collins.- Time and Genera/ Observations — Captain Toynbee. 

//. Gibraltar detach Merit. In charge— Capt. Parsons. 

Spcctroscope^hb\ r. t arpmncl, Mr. Gordon. 

Polariseopc-^tyi r. Lewis, Mr. Ladd, Mr. Baynes. 

Photography — M r. Buckingham and assistant 

Sketches o/gCfron a — Mr. Hunter, Mr. Anson, Mr. Harrison. 

Saturn *V|jpr Corona — Mr. Talmage, Mr. Maclcar. 

%ppn detachment. In charge — Mr. Huggins. 

Mr. i ral Ommannev, Lieutenant M. F. Ommanney, 

Professor Rev. F. H owlet t, Mr. Carpenter, Mr. Crookes, Cap* 

tain Noble, D$ v Gladstone. v * 

• A* ■ 

B. — Sicilian Party. 

In charge — Mr, Lockyer. 

Spectroscope — Mr. Lockyer and assistant (Mrs. Lockyer), Professor 
Roscoe and assistant {Mr. Bowen), Mr. Seabrooke. Mr. Pedler, Mr. 

Burton. 

u J Yariscope^mx^^ anyard, Mr, Griffith, Mr. Clifford, M~. Harris, 

1 rofessor AdamsI •«/ - 

Mftohes of Carom— -Mr. Brett, Mr. Darwin. 

Wotography^Ut, VegcLJIr. Fryer. - - > ^ 

. Time and Gemmg Observations— Vignoles, sen., Mr. Aignoks, 
jun. -Chemical Mtcns^y — Professor Thorpe. 

■* ' 4 v ’ ' S 2 
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Let me endeavour to put the question as it stood a few 
weeks ago as briepy as possible. 

Beginning the Story some few years back, we find the 
corona, a halo of white light round the moon, with a 
height sometime represented as equal to the moon’s 
diameter, sometimes, mqri, sometimes less, with a border 
d discretion , —so much Bid the drawings vary — regarded as 
the solar atmosphere. 

Some thought the red prominences to be mountains, 
other observers called them clouds. * ' 

The polariscope was brought up with a view of de- 
termining. whether the corona shone by reflected light or 
not. The result of this ne\v£ method of observation was 
doubtful. 

In the Indian eclipse of 1868 M. Janssen, by means of 
the spectroscope, still another aid, determined that the 
prominences were masses of hydrogen gas, but there was 
no final word about the corona. Major pennant observed 
that its spectrum was continuous. Later-fpthe same year 
Dr. Frankland and myself approximately determined the 
pressure of the prominence gases by meafhs of the new 
method and laboratory experiments, and ffi once stated 
our conviction that the extensive corona which .had been 
depicted and represented by Kirchhoff and others to be 
the solar atmosphere must be something elsdpWhis was 
our idea. I cannot quote our words, for 11 *# am writing 
in Venice and have no copies of our paper wrW tneii 

In the American Eclipse of 1869 tlfe problem was 
advanced considerably, perhaps even more considerably 
than we can yet form an idea of, writing as we must 
still do doubtfully. I do not refer to the drawings, for 
they varied considerably, but to the observation that the 
light of the outer corona, like that of the prominences, 
gave a bright-line spectrum. But as at least some of the 
observers gave positions doubtfully, .** near C " and “near 
JE," I thought that the explanationWas still possible whic > 
regarded the corona as of terrestrial origin ; that is, whic 1 
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assumed it to be an appearance due to the presence of cuaV.xvi. 

light in our own atmosphere. The problem was one of 

such difficulty that there seemed a possibility .that, by 
some unexplained cause, some of the solar light might 
be diffused and beat out of its course, and then, mixing 
up with the light of the chromosphere, give us a sort 
of continuous spectrum, with the' hydrogen bright lines 
superposed upon it ; in other words, that as the eye 
perceives a bright, irregular region or glare around the 
uneclipsed su$ an effect due to our atmosphere, so also 
the eye might,, perceive a bright, irregular region or glare 
round the unectipsed chromosphere during eclipses, due also 
to our atmosphere. * 

One wprd here about the Chromosphere, the name I 
have given to the bright-line-giving region outside the 
photosphere. It has long been clear that the spectroscopic 
method of observing it when the sun is not eclipsed is not 
totally effective | that is to say, that we only see a per- 
centage of it-s^erhaps only a relatively small percentage — 
but the glowing prominences, that is, those in which there 
is no evidence of the rapid motion of ejection from the 
sun, the eje^gpn taking place at all angles from the line 
of sight, afford evidence that there is probably a layer 
of coaidif hydrogen susceptible of being rendered visible 
above wt^cirdinary level. Now as these prominences 
may be 5' »gb, it is not unreasonable to suppose that 
the ^romSspliere may even extend to that distance, or 
even a little beyond it. 1 

1 Here is what I wrote on this point a year ago : — “ I next come to Q ur 
the obliterating effect of the illumination of our atmosphere on- the atmosphere 
spectrum of the chromosphere. This is considerable ; in fact the partly 
evidences of it are very much stronger than one could have wished, obliterates 
but hardly more decided than I had anticipated. Professor W inlock's the chroma* 
evidence on this point, in a letter to myself, is as follows I examined sphere. 

the principal protuberance before, during, and • after totality. I saw 
three lines (C, near D, and F) before ahd after totality, and eleven 
during totality ; eight were instantly extinguished on the first appear - 
once of sunlight: This effect was observed tyith two flint prisms and 
7 inches’ aperture. Professor Young, with live prisms of 45 0 and 
inches' aperture, found the same result in the pail of the spectrum he 
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chap.xvi. Hence it was that in the Instructions to Observers, 1 
drawn up by Professor Stokes and myself, and approval 
by the Organizing Committee for this 1870 Eclipse, it is 
stated that — / '3 . 

of “The PRINCIPAL • be qbtaincd is to deter- 

m ' ne whether it‘?IS |>c&s 9 |fe -to. differentiate the outer 
►$70. layers of irregular oatlineip|Sj> s the streamers (of the 
corona) from a stratum, say' sOme*j( or 6 ' high, round the 
sun, which may possibly he the limit of the gaseous 
envelopes above the photosphere." 

The spectroscopic observers, therefore, were enjoined — 

(a) “To determine the actual height of tlie chromosphere 
as seen with an eclipsed sun : that is, when the atmo- 
spheric illumination, the effect of which is doubtless only 
partially got rid of by the Janssen- Lockyer method, is 
removed. If the method were totally effective, the C line, 
the line of high temperature, should hardly increase in 
height; but there can be little doubt that the method is 
not totally effective, so the increase in height should be 
carefully noted.’’ 

{/>) " To determine if there exists cooler hydrogen above 
and around the vividly incandescent layers and pro- 
minences.” 

And the polarizers s , * 

“ To examine a detached and selected prfH'tJptlie corona 
about G from the limb of the sun, and snf about 8' in 
diameter/’ 

Having got so far, it may be here stated that of tin- 
three means of attack, namely, the spectroscope, tin 

was examining at the end of the totality, lie writes 1 had ju* 1 
completed the measurements of 2602, when the totality ended. 7 “*■' 
fine disappeared instantly, but 2796 (the hydrogen line near (r) vv,l> 
nearly a minute in resuming its usual faintness/ These observations 
I consider among the most important ones made during the ecnp^ • 
for they show most unmtstakcably that, as I have already reported t<> 
the Secretary of the Government-Grant Committee, the new idem*' 1 
to I hi employed under the best conditions must be used with * al K c 
apertures and large dispersion/* — /Vw. A\ S. % 1670, }>. f8f. 

1 *1 best will be found in the ApjK’ndix. 
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polariscope and telescope, and naked-eye observations, 
the spectroscopic method, under certain circumstances, 
might have been by far the most doubtful, the polariscope 
method coming next. 'cInI. 

With regard to specthpsgopic observations, if we 
assume that no ligjit vvhgitjlMeK ft received by and from 
our own atmosphere, thlfe ^|servations would be easily 
translated. A pure continuous spectrum would reveal to 
us solid or liquid hiitter in. the circumsolar regions ; a 
spectrum continuous or not containing bright lines would 
give us gases or vapours ; the ordinary solar spectrum, 
with its dark lines, would indicate matter incapable of 
radiation itself, and therefore cool, reflecting to us ordi- 
nary sunlight. It is clear that the problem would be 
complicated if circumsolar matter both reflected sun-light 
and sent us its own ; and still more so if we allow that 
the coronal light may be partly contributed from reflec- 
tions and refractions in our own atmosphere. Then we 
have to consider whether the light thus contributed may 
possibly be due to the photosphere or to the prominences, 
and we are landed in a maze of difficulties which need not 
be discussed here. 

The system of sketching introduced for this eclipse is 
at once so.sj|nple and final that the only wonder is it has 
not beeifj|^otluced before. The corona must be either 
solar, atmospheric, or subjective, that is, more or less built 
up in the observer’s eye, this more or less depending 
c<eteris paribus upon the brilliancy of the undoubted solar 
portion. If at all stations, the stations being as wide apart 
as they have been this time, the drawings are similar, then 
the corona would be undoubtedly cosmical ; if dissimilar, 
then it would either be terrestrial or subjective : and this 
point could and would have been settled this time, if the 
weather had permitted, by arranging the observers in pairs, 
—that is, dealing with two observers in each place instead 
°f a single one, and so obtaining the eye-variation. 

T his being premised, what is the result of the very few 
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observations, comparatively speaking, which have been 
made ? Before I attempt to give any idea of my answer 
to this question, it is only fair to myself to state that my 
only sources of information, up to the present time, have 
been conversations with sortie of the American members 
of the Sicilian expedition, a brief telegram from the mem- 
bers of the English party ai Agosta, the Rev, S. J. Perry's 
communication to the Daily Notes of the 2nd instant, and 
an inspection of some drawings made by the officers of 
H.M. ships off Aci Reale. At Catania we saw a portion 
of the corona for i| seconds through a cloud, and that 
was all ; and the day after the eclipse, before the more 
fortunate members of my party returned, it became mv 
duty to proceed to Malta in fl.M.S. Lord Warden to 
attend the court-martial on the officers and crew of the 
beautiful, but unfortunate Psyche, in which we had been 
wrecked on the 15th uit., and the weather in the Medi- 
terranean has been so bad that it was impossible to leave 
Malta in time to rejoin the expedition before they left 
for England. Of detailed information, therefore, I have 
none. 

In the first place, then, I submit that the fact that the 
corona is a compound phenomenon comes out in an un- 
mistakable way. We have first of all a ring some 5' or 
6' high round the moon, which almost all obSjtfSrvers have 
seen alike ; and then we have light beyond which some 
observers have seen of one shape and some of another, 
now stellate with many rays, now stellate with few, now 
absolutely at rest, now revolving rapidly. 

This l think to be the key-note of all the observations 
with which I have become acquainted, I need scarcely 
say that it is exactly what had been predicted. 

First among the fortunate ones who observed the corona 
with the telescope was Prof. Watson, of Ann Arbor, who 
took up his station at Carlentmi, and appears to have been 
the best favoured among the Sicilian observers. Front his 
account I gather that there was an almost perfect shell 
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around the sun about 5' high, and that outside this shell 
were less definite rays. What he was particularly struck 
with was this, that, as seen in the telescope, the rayed 
portion was most developed over the prominences, and, as 
1 gathered from him in one ‘case, the rayed portion was 
absent as if a veil had been removed ; so that he, at all 
events, is strongly impressed with the idea that the shell 
represented a true solar appendage, and that the rayed 
structure was due to our own atmosphere. 

Next comes Mr. Brett, who, although he was not so 
fortunate, still was enabled to sec and place on record 
some most interesting features, including the whole out- 
line of the corona and even some of the protuberances. 
He also, as I am informed, saw the rayed portion of the 
corona most developed above the protuberances, the outline 
of the interior portion being visible, though not so strongly 
marked, as in the case of Prof. Watson’s drawing, in con- 
sequence of less favourable atmospheric conditions. I am 
thankful to say that the weather at Syracuse enabled Mr. 
Brothers to obtain some admirable photographs, which I 
have not yet seen. These are among the most important 
results of the Expedition. 

Next I must mention Prof. Peirce, the head of one of 
the American parties, who observed two miles north of 
Catania, at*a private casino of the Marchcse Sangiuliano. 

I believe that he also saw the shell, but of this I am not 
absolutely certain ; but he distinctly observed that the 
outer corona over the prominences was rosy red, although 
he did not see the prominences himself. A more beau- 
ful proof of the terrestrial nature of this portion of the 
corona it would be difficult to imagine ; for, of course, at 
the sun, the hydrogen, which thus tinged it, is incapable of 
colouring anything, as its own light is absorbed by the 
transcendent brilliancy of the photosphere ; while nothing 
would be more natural than to suppose that the light, 
which in its own atmosphere should strongly tinge anything 
radially illuminated, should be that of the prominences. ■ 
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But the strongest proof of the variability of the outer 
portion and of the constancy of the inner portion is 
afforded by the observations made on board the small fleet 
attempting to save the Psyelte off Aci Reale, where the 
eclipse was observed in unclouded splendour. Here were 
the ironclads Lord Warden , Caledonia, and Royal Oak, 
and the tugs Weasel and Hearty, besides the Italian gun- 
boat Plebiscite, all within a stone’s throw of each other. 
In all the drawings, and many have been received, we have 
a ring 5' or thereabouts, while the outer portion is as vari- 
able as may be. On the same deck, that namely of the 
flag-ship Lord Warden, two drawings were made, one by 
Capt. Brandreth, and the other by Dr. Macdonald, 1-\R.S„ 
in which the variation is so strong that one would feel 
inclined to acquit the atmosphere of any participation in 
the matter, and to relegate the whole outer corona to sub- 
jectivity alone, did not Mr. Brothers' admirable photographs 
show both phenomena, as I am told they do. Dr. Mac- 
donald saw eight rays arranged with perfect symmetry ; 
Captain Brandreth saw only two elliptical hoops crossing 
each other at right angles. 

Captain Cochrane of the Caledonia , besides the ring, saw 
a complicated stellate figure, the rays of nearly equal 
length; while Mr. Dexter, at sea between Catania and 
Syracuse, saw, besides the ring, only one ray of inordinate 
length. 

So much for the drawings. I think that if the records 
of former eclipses be now examined, especially Mr. Car- 
rington’s drawing of the eclipse of 1851, and compared 
with the others taken at the same time, additional evidence 
will be gathered in favour of the compound nature of the 
corona, which, on the evidence now' before me, I consider 
the great teaching o,f the present eclipse. Our experience 
in Sicily seems to be similar to that of the Spanish ob- 
servers, for Mr. Perry writes that “some observed two 
curved rays,” while the rapid degradation of light occurrec 
at one-fifth of a solar diameter, but, so far as I know, no 
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one in Sicily was favoured with a view of the dark intervals 
which were observed in Spain. 

There is a strange and most interesting discordance 
between some of the spectroscopic observations made in 
Sicily and Spain. _At Agosta, where the totality was well 
visible for ten seconds, Mr. Burton detected a green line 
near E, with a tangential slit (distance from moon not 
stated). This line, which was also seen by the Italian 
observers, is doubtless the one recorded last year by the 
American astronomers, but in Spain Mr. Perry' states that 
bright lines at C near D, b (or E) and F were observed 8' 
away from the sun. At Syracuse Prof. Uarkness, whose 
telescope was moved into the various positions by Captain 
Tupman, R.M.A., found the green line in all parts of the 
corona, so far as about 10 ' from the sun. and at one point 
thought he detected two green lines, less refrangible than 
it; but at several places he saw a complete hydrogen 
spectrum (including C), which he attributed to prominences, 
until he was informed by Captain Tupman that there was 
no prominence near the slit. More proofs of the terrestrial 
nature of this portion of the corona, I think, taken in con- 
nection with the fact that the dark moon gave identically 
the same spectrum. It would appear that there was so 
much atmospheric reflection in Spain, and here and there 
at Syracuse, that the true coronal spectrum with its line 
near E, the existence of which we must now accept as 
established beyond all question, was partially masked by 
the prominence spectrum with its usual well-known lines. 
Ihere is one passage in Mr. Perry’s interesting letter in 
which, if there be a misprint, as I suspect there is, an ob- 
servation of great importance is recorded. It runs, "Mr. 
Abbay, observing at Xeres with a spectroscope of 2 prisms 
45° belonging to Professor Young, saw the bright lines 
D, F ; and afterwards F and a line rather more bright 
than h on the less refrangible side of B, C not noticed 
then. Now, if b (not B) was intended here we have sub- 
incandescent hydrogen mixed with the grcen-line-giving 
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chap xv j. substance, which may probably be a new element with a 
” 7 vapour density less than hydrogen. 

So that roughly we might regard the chromosphere to be 
built up of the following layers, which arp in the orders of 
vapour density in the case of known elements : — 


in iht 


X' (new element) . . . . . 

Hydrogen J Snb-incandescciU 
| IiiCtiOucsci'nt . 

X (new element) ...... 

Magnesium f 


Sodium 

Barium 


Iron, &c ,f 


Green coronal line. 

F. 

C, F, near G, h. 

Near D. 

t> and lines in blue and 
violet. 

D 

Several lines. 

Several lines. Including 
E. 


The foregoing table excludes naturally the substance or 
substances which give bright lines in the solar spectrum, 
which are at times visible in the spectrum of the chromo- 
sphere. I have ventured to suggest that the substance 
which gives the line in the green is a new element, because 
invariably I have found that in solar storms the chromo- 
spheric Layers are thrown up in the order of vapour density, 
and because all the heavier vapours are at or below the level 
of the photosphere itself. 

l'k.‘ (Aari- With regard to the question of polarization, the parties 
w * <rf j n Sj c i|y obtained evidence that the corona was radially 
polarized, though Professors Harkness and Eastman ob- 
tained a result which they explain differently. Mr. Ran- 
yard, at Villamonda, and Mr. Peirce, jun., north of Catania, 
obtained identical results in favour of strong polarization. 
Hence the solar corona, accepting these observations, not 
only radiates, but reflects solar light to us. A careful con- 
sideration of this fact, taken in connection with the possible 
addition of a, so to speak, terrestrial corona to its h’gM' 
may enable us to account for some of the observations, 
both polariscopic and spectroscopic, which do not at first 
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appear to harmonize with those to which I have referred, 
notably those which give a pure continuous spectrum to 
the corona* and which state that its light is only slightly 
polarized. T . - 

From what has preceded, then, we seem justified in sug- 
gesting as wording hypotheses the following, which, how- 
ever, more accurate information may alter, and which I 
offer as suggestions only, bien entendu. 

1. The Solar Chromosphere extends some 5' or 6' from 
the sun (Watson and others), its last layers consisting of 
cool hydrogen (Mr. Abbay), and possibly a new element 
with a green line in its spectrum (Young, Burton, and 
others) ; which line, if it be identical with the auroral line 
as stated by Gould, may possibly be present in the higher 
regions of our own atmosphere. 

2. Outside this stratum the rays. See., are for the most 
part due partly to our own atmosphere, partly to our eyes, 
for their shape varies; they are seen by some at rest, by 
others in motion, and their spectrum is the same as that 
of the dark moon (Maclear). 

3. The white light of the chromosphere above the 
prominences, as seen in an eclipse, is due to. its strong 
reflection of solar light, as shown by the polariscopic obser- 
vations (Ranyard, Peirce, jun., Ladd). 

4- The rosy tinge of the corona proper, that is of the 
region more than 5' or 6' from the sun, is due to our atmo- 
sphere containing light which comes from both the higher 
and lower strata of the chromosphere (Peirce, sen., Maclear, 
Abbay). 

Venice, Jan. 9, 187*1. 
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(continual). 

II.— More Light. 

cm wii. In my former letter 1 under the above title, written from 
Venice, I gave as shortly as I could the conclusions at 
which I had arrived as to the results of the various Eclipse 
expeditions, as gathered from the very imperfect informa- 
tion then at my disposal. Since I returned home I have 
naturally become possessed of more facts, though even yet 
the time has not arrived for discussing all the observations, 
as they must be discussed before an absolutely final verdict 
can be given. 

Still, there is so much general interest taken in the 
recent work, that I venture to return to it at the present 
time, more especially as I can now print a, letter from a 
distinguished American astronomer, giving his view of the 
work done, and also as I am anxious to refer to professor 
Young’s article which has recently appeared in Nature} 
ptrf-iw Professor Peters, whose long and laborious researches on 
the sun are well known to all of us, thus writes m reference 
to my former article : — 

*' Its perusal has been to me a source not only of pleasuie 
but of much instruction. You have placed on record, with 

1 Reproduced in the last chapter, 

* This will be found in the Appendix, 



rn£ MEVir&§ 8 ^ 8 ECLIPSE, 1870 . * .. 27U 

r '■ • -,* / '-’f 

gjeafc l^cwlity/ thj^^ioivjil^t isibod before the Eclipse^ ert-xyh. 

tt^be^^kahtinetEby the various ways of 
(ifecItvatM for ^<^t|pn nearer to its solution. ■*%£% 

Although th£* unf^vouiMble "sf^te of the weather over the 
entire JM>ke of totafity^S; i| seems, from Spain to Sicily, 
has -greatly ohstrocted tbe'execution of the plans and the 
extensive preparations made with the liberal aid of our 
respective governments ; and although hitherto, of course, 
only imperfect, mostly verbal, information has reached us 
of what the parties really did succeed in obtaining— still 
the result that is to be drawn from the sum total, as you 
are showing, seems of importance. The spectroscopic, 
polariscopic, and telescopic observations altogether agree 
in demonstrating an interior portion of the corona to belong 
to the sun. The existence of such a solar stratum is 
sustained also by my researches on the motion of spots 
when near the limb, pointing to a refraction on, or rather 
above, the sun's surface. I concur further in your opinion 
that the outer, more irregular radiating portion of the 
corona very likely owes its origin to our atmosphere. It 
is highly to be regretted that our Etna parties, in eleva- 
tions respectively of 3,100, 5,500, and. 8, 000 feet, suffered 
disappointment from a heavy cloud at the critical moment 
of totality. Their observations would have been decisive 
as to the local and atmospheric cause of the radiating 
coronal phenomenon.” 

One more extract before I proceed. With reference to 
the suggestion (based on my observations of injections into 
the chromosphere) contained in my article, that probably 
the green line seen in the spectrum of the corona might 
indicate a new element lighter than hydrogen, Professor 
Young, claiming priority in the suggestion, writes : — 

“In Silliman's Journal, Nov. 1869, I wrote: ‘Should Wkat does 
it turn out that this line in the spectrum of the aurora 
does actually coincide with. 1474, it will be of interest to sent ? 
inquire whether we are to admit the presence of iron 
"vapour in and above our atmosphere, or whether in the 
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ch, xvit; spectrum of iron this line owes its origin to some foreign 
- substance, probably some occluded gas as yet unknown, 
and perhaps standing in relation tp the magnetic powers of 
that metal.’ 

“ This is the only reference I am able to make here. In 
my paper published in the Proceedings Of the American 
Association for ! 869, the same thing is, I think, more forcible 
expressed. I think you will also find it in my Eclipse 
Report in the 'Journal of the Franklin Institute’ (and in 
iny letter to Nature last spring). 

“The idea that 1474 might represent some new element 
occurred to me at once when I found it in the, corona, but 
of late I own I have more inclined to the opinion that it 
might possibly be a true iron line, and caused by meteoric 
iron dust of almost infinitesimal fineness ; yet I have always 
felt the difficulty of supposing the complicated iron spec- 
. trum reducible to this one line.”* 

I feci it due to Professor Young to give this extract, 
though I confess I do not see that the suggestions arc 
similar, nor do I see anything similar in the letter referred 
to, though I have lighted upon this passage which I had 
forgotten, which shows the great advance that has been 
pr,.ffwr made. Professor Young last year wrote; 8 “It is not ini- 
possible that the so-called corona may be complex. Some 
portion of its radiance may, perhaps, originate ih our own 
atmosphere, although I do not yet find myself able to 
accord with the conclusions of Dr. Gould and Mr. Lockyer 
in this respect, and am strongly disposed to believe that the 
whole phenomenon is purely solar,” His present views 
were given three weeks ago, as in the main concurring with 
my own. 

With reference to Professor Young's article, lam anxious 
to say one word on the "sudden reversal into brightness 
and colour of the countless dark lines of the spectrum at 

* It will be abundantly shown in the sequel from Professor Vomit,'’ 
and my own rcsearchcs that this line is not due to iron. 

2 Ante, i>. 255. 
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tiie commencement of totality,” witnessed by himself and 
Mr. Pyc. I have seen this once, and only once, during 
all my 5 observations, and Professor Young (who enjoys 
better atmospheric conditions than I do) has never seen 
it when working with the new method. "Now, I hold that 
the new method 'is competent to pick up such an envelope 
as the one referred to by Mr. Longley, if it can pick up an 
uprush similarly composed ; and although, of course/ the 
vapours competent to give such lines are not far off, as the 
ordinary observations prove, / do not think they are ordi- 
narily high enough above the level of the photosphere to be 
seen in this manner} That the number of lines is largely 
increased when the atmospheric glare is withdrawn, was 
proved during the American Eclipse. 

But to return to the corona, the main point of attack 
during the last Eclipse. Since my last article was written 
I have had an opportunity of inspecting copies of the 
beautiful photographs taken by Mr. Brothers at Syracuse, 
and also one of the photographs taken by the Americans in 
Spain. These, compared with the sketches taken at the 
respective stations, are very curious. In the Spanish photo- 
graph there is a very distinct “ rift,” or dark space in the 
coronal region, extending, I believe, almost to the sun, and 
fainter indications of two other such rifts in another region, 
not extending so low down in the corona. So far as the 
facts have yet been before me, only one of these rifts was 
sketched. Now, at Syracuse Mr. Brothers also photographed 
r ‘fts- — three rifts ; but the sketches did not record a single 
one - In Professor Watson's drawing, a copy of which I 
have now in my possession, there is no indication whatever 
°f them. But there is a much more important fact behind. 
Of course, if these rifts had been in the same positions 
in the two photographs, taken at stations so wide apart 
as Spain and Sicily, the presumptive evidence in favour 
°f the solar nature of the corona for a distance outside 

1 I his has been italicized in 1873. See the chapters on the Indian 
Eclipse and Part II. 


cm. xvir. 


The photo- 
graphic 
record of 
the corona. 


T 



J>74 


SOLAR PHYSICS. 


ch, xvii. the sun equal to its diameter, would have been overwhelm- 
— - ing ; and feeling that fyere was a crucial test to apply to 

a question which has so long been debated, but never with 
such interest among the workers as recently, it was with 
some excitement that I found myself before these two 
photographs some little time ago with two American astro- 
nomers of eminence, for the purpose of endeavouring to 
settle the question. Suffice it to say that we came to 
the conclusion that the rifts were not identical, that the 
two cameras had not photographed the same phenomenon, 
although at first there appeared to be sufficient similarity 
to make the matter appear doubtful, and, unfortunately, 
the photographs vary so much in size, and the margin of 
the American one is so limited, that it will be scarcely 
possible to make a final comparison until they are brought 
to a common scale, and superposed the one on the other. 
I do not think it is surprising that rifts should appear in 
both photographs, supposing a non-solar cause were at 
work, for the corona between the rifts on Mr. Brothers’ 
photograph looks like a very wide ray. 

Assuming, then, for the present that the photographic 
evidence goes the way of all the other evidence — that, in 
short, the solar corona, including all its fantastic boun- 
daries,' has been probably reduced from one, two, or three 
solar diameters, to six, eight, or ten minutes, — I care not 
which, 1 — let us examine some of the details of the various 
observations. 

1 I beg here to give the actual words employed by Dr. Frankland 
and myself in the communication to the Royal Society on the subject. 
Speaking of the chromosphere, it was remarked, “ The tenuity of this 
incandescent atmosphere is such that it is extremely improbable that 
any extensive atmosphere, such as the corona has been imagined to 
indicate, lies outside it." — Proc. R. S., February u, 1869. I .. ne ^ or 
imagined that all the corona was non-solar. Again (Proc. R. £•» h«o. 

1 16, 1870}, discussing the American Eclipse, l state that the chromo- 
sphere includes the “radiance" observed in the American Eclipse, 0 
which radiance Dr. Could wrote as follows : — “An examination of t ^ 
beautiful photographs made at Burlington and Ottumwa . . • awl ' 
comparison of them with my sketches of the corona, have led me ^ 
the conviction that the radiance around the moon in the pictures ma 
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In Professdr Watsons drawing, the intimate connection 
between the higher and lower levels of the chromosphere 
(including the portions not at prdsfent observed by the new 
method) comes out in a very striking way. Mr. Seabrooke, 
at my request, made careful maps of the positions of the 
prominences before the totality commenced, and Professor 
Watson made his drawing of the corona independently 
of the positions of the prominences. On the homeward 
journey the map was compared with the sketch, and to 
use Professor Roscoe’s words, “On comparing the two 
drawings thus independently made, a most interesting series 
of coincidences presented themselves. Wherever on the 
solar disc a large group of prominences was seen in Mr. 
Seabrooke’s map, there a corresponding bulging out of the 
corona was chronicled on Professor Watson's drawing ; and 
at the positions where no prominences presented themselves, 
there the bright portions of the corona extended to the 
smallest distances from the sun's limb. 1 ’ We may remark 
that these coincidences show the excessive fidelity of the 

during totality is not the corona at ail, but is actually the image of 
what Lockyer has called the chromosphere. This interesting fact is 
indicated by many different considerations. The directions of maxi- 
mum radiance do not coincide with those of the great beams of the 
corona ; they remain constant, while the latter were variable. There is 
a diameter approximately corresponding to the solar axis, near the 
extremities of which the radiance upon the photographs is a minimum, 
whereas the coronal beams in these directions were especially marked 
during a great part of the total obscuration. The coronal beams stood 
in no apparent relation to the protuberances, whereas the aureole seen 
upon the photographs is most marked in their immediate vicinity. . . . 
Whatever of this aureole is shown upon the photographs was occulted 
or displayed by the lunar motion, precisely as the protuberances were. 
The variations in the form of the corona, on the other hand, did not 
seem to be dependent in any degree upon the moon’s motion. The 
singular and elegant structural indication in the special aggregations 
r {P 1 * on the eastern side may be of high value in guiding to a 
further knowledge of the chromosphere. They are manifest in all the 
photographs by your parties which I have seen, but are especially 
marked in those of shortest exposure, such as the first one at Ottumwa. 
Jn some of the later views they may be detected on the other side of 
the sun, though less distinct ; but the very irregular and jagged out 
. chromosphere, as described by Janssen and Liockyer, is 
exhibited in perfection.” 
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drawing, and make it one of the most valuable of the 
products of the Expedition. 

On former occasions the corona has been stated to 
assume a roughly four-cornered form. This was also 
observed in Spain last December, and seems at last ex- 
plained by three drawings made by one of the American 
party there. 

At the commencement and end of ' totality, when the 
moon unequally covered the sun, the photographs have 
recorded an excess of light on the corona on the side 
where the limbs occur nearest in contact. I am told that 
this effect in one of Lord Lindsay’s photographs is very 
striking; it is certainly so in one of Mr. Brothers’, in 
the drawings we have a slightly different effect. At the 
commencement of totality, when the western or right-hand 
limbs were in contact, we get Fig. 107 (1); at the end of 


1 2 3 
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totality the appearance recorded was like 2 ; the picture 
at the middle of totality compounding both these appear- 
ances, and being roughly represented by 3, in which the 
rectangular appearance comes out inl^ full strength. 

A word now about the polariscopic observations. I may 
remark on this that it is much more eaSj^pr us to explain 
slight polarization which, might be atmospheric, than it is 
to explain, if we content ourselves with laboratory experi- 
ments, strong radial polarization which must take place 
at the sun. If we assume that gas or vapour of consider- 
able tenuity does not light (although I think this 

is to assume very much for the gas or vapour at the si<", 
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at all events), what is it that reflects light to us at the 
sun, and reflects it apparently only above the level of the 
intensely incandescent hydrogen ? Certainly not solar 
spray. If we deny reflection to gases altogether, may it 
not be the continuous portion of the spectrum of the gas 
itself to which the light is due ? But this question of polari- 
zation is certainly one in which very much remains to be 
done, and it is consoling to know that the results obtained 
now will much facilitate the planning of the next polari- 
scopic campaign, which, we may add, should not be deferred 
beyond the end of this year. 
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THE STORY OF THE CORONA IN CONNEC- 
TION WITH THE MEDITERRANEAN 
ECLIPSE . 1 


My present duty, a pleasant one, although it is tinged with 
a certain sense of disappointment, 2 is to state the observa- 
tions which were made of the recent eclipse in Spain and 
Sicily, to connect them with our former knowledge, and to 
show in what points our knowledge has been extended. 
In these observations, we had nothing to do with the sun 
as ordinarily visible, but with the most delicate phenomenon 
which becomes visible to us during eclipses. I refer to 
the corona. 


General Notions of the Corona. , 

Let me, in the first place, show what is meant by this 
term, and state the nature of the problems we had before 
us. I have here some admirable drawings, which I will 
show by means of the lamp, of the eclipse that was 
observed in 1851 by several astronomers who left England 
in that year to make observations in Sweden, where the 
eclipse was visible. It must be borne in mind that the 
drawings I shall bring to your notice were made in the 
same region, at places not more than a few miles apart. 

‘ A Lecture delivered at the Royal Institution of Great Britain, 
Friday evening, March 17, 1871. . 

* This refers to the fact that the weather was generally bad, and tna 

it was impossible to make observations during the eclipse. . 

* Mr. Carrington observed at Lilia Edct, on the Gota River. 1 # 
Astronomer Royal observed at Gotfenburg. The second drawing 
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The first drawing was made by an observer whose name is 
a sufficient guarantee for its accuracy — I refer to Mr. 
Carrington — and when the sky was absolutely free from 
clouds. In the next diagram you will see the corona is 
changed. The bright region round the sun is no longer 
1 inti ted to the narrow border of light round the dark moon, 
as seen by' Mr. Carrington, but it is considerably expanded. 



Fi<;. 108.— -Total Eclipse, 1851. (Dawes. 


The third gives still a greater extension, although that 
picture was drawn within a quarter of a mile of the place 
where Mr. Carrington s was taken. And lastly, we have a 
drawing made by the present Astronomer Royal, of that 
same eclipse, through a cirro-stratus cloud , as unlike Mr. 
Carrington’s as anything can possibly be. So that you see 
we began with a thin band of light about the moon, which 
would make the corona a few thousand miles high, and we 
end with a figure which Mr Airy graphically likens to the 
ornament round a compass-card, and which gives the 

referred to was made by Pctterson, at Gottenburg ; the third by a 
,r * enc * of the Rev. T. Chcvallier, at the same place ; and I might have 
added another by Feamlay, taken at Rixhtift, in which the corona is 
larger than in any of the others. The scries is most instructive- See 
AU »‘- a. S., vol. xxi. 
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corona a height equal to about once and a half the sun’s 
diameter. 

I will next bring before you some drawings made during 
the eclipse of 1858, which was not observed in European 
regions, but in South America by two first-rate observers 
one, M. Liais, a French astronomer, who was stationed at 
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Olmos, in Brazil ; the other, Lieutenant Gilliss, who was 
also there as a representative of the American Government, 
and observed some thousand miles away in Peru. 

I will throw on the screen the appearances observed by 
these gentlemen, and I think you will acknowledge the 
same variations between their results, as to degree, while 
in one case we get a perfectly new idea of phenomena— a 
difference in kind. I would especially call attention in the 
Olmos drawing to those extraordinary bundles of rays of 
wonderful shapes, which you see are so much brighter than 
the other portions of the corona. Such forms have been 
seen in other eclipses, but they are somewhat rare. The 
drawing made by Lieutenant Gilliss bears the same relation 
ty that made by M. Liais as Mr. Carrington’s did to the 
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Astronomer Royal’s; so that we may say that we not 
only get variations in the dimensions of the corona as 
seen at different stations, but that we furthermore get 
a strange structure introduced now and then in our 
drawing in regions where absolutely no corona at all 
exists in the other. 

So much by way of defining the phenomena and giving 
an idea of the eye observations generally. 

Let me now attempt to show you how the phenomena 
observed in the last eclipse bear upon the results which 
had been previously accumulated by means of telescopic 
and naked-eye observations, and by means of the polari- 
scope and spectroscope. 

I. Telescopic and Naked-Eye Observations. 
a. — A Part of the Corona is undoubtedly Solar. 

The first use I propose to make of the telescopic and 
naked-eye observations of last year, is to show you a 
photographic copy of an admirable drawing made by Mr. 
Brett, who, though unfortunate enough to see the sun only 
for a very short time, was yet sufficiently skilled to make 
good use of that brief period. This drawing will bring 
before you the fact, that even when a large portion of the 
sun remained unobscured by the moon, Mr. Brett was 
enabled to see a dim ring of light 'round the unobscured 
portion,. which since the year 1722 1 has been acknowledged, 
beyond all question, I think I may say, to represent some- 
thing at the sun. It was observed in 1722 round the un- 
eclipsed sun, and in more recent times by Mrs. Airy in 
1842, and by Rumkcr 1^ minute before totality in i860, 
not to mention other instances. Therefore, we have one 
observation made during this eclipse, confirming the old 
one, that in the corona there is a region of some small 

V* or this and the following points the admirable chapter on 
JAP!** 1,1 < ’.rant’s “ History of Physical Astronomy ” should be con- 
et * * as a lso Madlcr’s review of the observations made in i860. 
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breadth at all events which is absolutely solar, and which 
it only requires a diminution of the solar light to enable 
us to see. This, then, we may look upon as the known ; 
now let us feel our way gradually outwards. 


b. — Rays, or Streamers, are added at Totality. 

The drawings made in all the eclipses which have been 
carefully recorded bring before us quite outside this nar- 
row, undoubtedly solar region, observed before totality, as I 
have shown, and also by Mr. Carrington and by Lieutenant 
Gilliss during totality in 1851 and 1 858, extraordinary ap- 
pearances of a different order. While in fact we have a 



Fig. no.— Total Eclipse, iSbo (Ray* observed by Feilersch.) 

solar ring from 2' to 6 ' high, we have rays of all shapes and 
sizes visible outside, in some cases extending as far as 4. 
and in all cases brighter than the outer corona on whic 
they are seen, the rays being different in different eclipses, 
and appearing differently to different observers of the same 
eclipse, and even at the same station. Here is a copy 0 
a drawing made by M. Rumker of the eclipse of 18 
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and I show it for the purpose of calling your attention to 
the fact that the two curious rays represented in it belong 
to a different order of things from those which we see in 
the rest of the corona. From the beginning to the middle 
of the eclipse the east rays were the most intense. In the 
next drawing, which was made by the same observer, you 
see something absolutely new : and now the western side 
of the corona ^ the most developed ; we have a new series 
of bright rays, and altogether it is difficult to believe that 
it is a drawing made by the same observer of the same 
eclipse. 

The third drawing is a representation of the same eclipse 
by M. Marquez, who observed with a perfection of minute 
care which has scarcely ever been equalled ; I bring it 



Fk;. i it. —Ray* observed iu the Total Eclipse, *840. 


before you to show that the rays he saw were altogether 
differently situated. We may conclude, then, that the 
rays, although extremely definite and bright — as bright or 
brighter than the other portions of the corona which are 
visible before totality, they being invisible before totality — 
appear different to different observers of the same eclipse, 
and to the same observer during different phases. 
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c. — They change from Side to Side. 

I have already said that M. Rumkcr observed that from 
the beginning to the middle of totality the rays on the cast 
side of the sun were longest and brightest, and that from the 
middle to the end of totality the rays on that side of the 
sun where the totality ended were longest and brightest. 

We will now carry' this observation a step further, by 
referring to three drawings made by M. Plantamour in the 
same eclipse, that of i860. In the first drawing we have 
the. beginning of the total eclipse as seen in the telescope . 
with the naked ey'e naturally we should get the sun disap- 
pearing at the east or left-hand side, the moon moving from 
west to east ; in the telescope things are reversed, and uc 
have it right instead of left: and here we have the same 
thing that M. Rumker observed, namely, that when the 
eastern limbs were in contact, bright rays (M. Plantamour 
saw three) were visible on the side at which the contact 
took place. When the moon was half-way over the sun, 
two ray's of reduced brilliancy were observed on that side, 
not necessarily in the same position as those first observed, 
but one of these has been abolished altogether; and on 
the other side of the sun, where totality was about to end, 
we have three ray's gradually' suggesting themselves : at the 
end of totality the ray's visible at the commencement are 
abolished, and now, instead of them, and of those seen at 
the middle of the eclipse, we have a bran new set of 
rays on the side of the moon from whence the sun is about 
to emerge. 

This observation, I need hardly say, is of considerable 
importance in connection with the fact that from the year 
1722 almost every observer of a total eclipse has stated 
that there is a large increase of brilliancy, and an increase 
of the size of the corona on the side where the sun has 
just been covered, or is just about to emerge. 

Now, what was there bearing on this point in the recent 
observations ? I have here three drawings, which, though 
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hly done, you will see are of great importance side by 
' kie with those of M. Plantamour. These arc drawings 
i ich have been sent in to the Organizing Committee by 
’Vfr Gilman, who lives in Spain, and who took considerable 
interest in the eclipse, and sent the results of his observa- 
tions to England with the eclipse party when they came 
home • and it is of importance that you should see every- 
thin" that Mr. Gilman has done. If you agree with this 
explanation of the square form of the corona, which was 

observed in Spain this year, it will explain the quadrangular 
form observed in the corona in a good many previous 
eclipses. Mr. Gilman says that at the commencement of 

totality let me remind you, the commencement was 

determined by the disappearance of the sun at the east 
limb of the moon, which is east in Mr. Gilman’s drawing; as 
he was observing with the naked eye— the commencement, 
he says was determined by the corona flashing out very 
much like a capital D You see on the black-board 
exactly the outline, and you will at once mentally associate 
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onc-half of the diagram with the rays observed by M. 
Plantamour, and the othngL half, in which there is a nearly 
perfect ring of light round the moon, with the corona 
observed by Mr. Carrington all round it in a cloudless sky. 
At mid-eclipse, Mr. Gilman also observed the corona, 
sketched out its outline carefully, and found rays coming 
out on the opposite side, adding themselves on tc the per- 
fect ring first seen there. Opposite the two salient angles he 
observed at the commencement of totality — represented by 
the top and bottom of the upright stroke of the capital D 
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chap, —there were two others ; the corona notv appeared square 

— and then, just before the end of totality came on, the two 

comers first seen were observed to disappear altogether 
leaving nothing but a perfect ring, and where, at the begin- 
ning of the eclipse, nothing was seen but a perfectly round 
ring, the two exactly similar forms on the opposite side 
shot forth, and you got a D reversed (Q). Mr. Warrington 
Smyth, who drew a square corona, saw the light flash out 
into the corona before the end of totality, and believes 
that all the -angles of the square were not visible at one 
and the same time. 

•Here, then, you have observations of exactly the same 
character as those of M. Plantamour, to which I have 
referred. In the drawings of both are shown the inner 
partjjf the corona, which you saw growing in the obser- 
vations of 1851, to which were added the strange forms 
observed in 1858. You have these strange variations 
positively growing at the same place, and the same time, 
in the same and in different eyes. Obviously there must be 
very much that is non-solar — call it personality, atmospheric 
effect, or what you will — connected with it. We have added 
to the stable the unstable. The question is, to what is this 
unstable portion due ? 

d~— They are very variously represented. 

I will now refer to other drawings of the late eclipse, 
which were made in Sicily. For some reason or other, 
which I do not profess to understand, the corona, which 
appeared in Spain to be square, and to Mr. Oilman like a D 
at the beginning, and like a D reversed (Q) at the end,-— 
to all those with whom I have conversed who saw it in 
Sicily, it appeared as round as you see it here, in this 
drawing made by Mr. Griffiths ; and, instead of being 
square, we had sent to us all sorts of pictures, a large 
number of them representing a stellate figure. Here is a 
drawing made by a Fellow of the Royal Society, on board 
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one of Her Majesty’s ships (the Lord Warden ) which 
were trying to save the poor Psyche at Catania. In this 
we have perfectly regular rays drawn from every region of 
the sun, some long, some short, but similar rays are almost 
invariably opposite each other ; but in the interior, inside 
these rays, the corona is just as it was observed by Mr. 
Griffiths at Syracuse. I now show you a drawing made 
by an American gentleman at sea, between Catania and 
Syracuse, with one ridiculously long ray, a ray as long as 
was seen by Otto Struve in i860. Other drawings were 
made, even on board the same ship, so unlike each other, 
and so bizarre -, that I need only refer to them as showing 
that there at all events must be some personality. We 
have, then, to acco’unt for the variations between the obser- 
vations made in Spain and those made in Sicily. I f£gfet 
that we have not a third order of difficulties to contend 
with, as doubtless we should have had if observations had 
been made by Mr. Huggins’ party in North Africa. 

e . — The Rays are accompanied by a ATass of Light. 

These changes of the rays from side to side are accom- 
panied by, and are perhaps to a certain extent due to, the 
bursting forth of brilliant light in their neighbourhood, 
where the limbs are nearest in contact. This was first 
observed by Miraldi in the eclipse of 1724, and has 
frequently been recorded since. Mr. Warrington Smyth, 
to whom I have before alluded, states that he noticed this 
in the last eclipse, and the photographs, I think, have 
recorded it ; but as there is some uncertainty on this point, 
I need only suggest it. 

/ — Long Rays are seen extending from the Cusps before 
and after Totality. 

So far I have referred only to the rays visible during 
totality, but long rays were se€n, when a crescent of the 
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chap, sun was visible in i860 and 1 868, by Mr. Galton and Mr 
xv, ”\. Henncssy. Mr. Brett caught the same phenomenon last 
Kart /ram year; but as the sky was cloudy, the commencements of 
‘nft'Ztor. ra > s only were seen, appearing like delicate brushes 
in prolongation of the cusps. These observations are of 
gr&tt value, as no one for one moment imagines that these 
ears are so/ar , 1 and yet they are very like those seen duriiv 
totality. 

g. — Sometimes Dark Rays , called Rifts , are seen instead 
of Bright ones. 

Tliese*ays to which I have referred are, however, not the 
only kind of rays that are observed. At times are seen, as 
it were, openings in the corona ; the openings being of the 
same shape as the rays, that is, expanding as they leave the 
dark moon, and opening more or less exactly as the rays 
do. Like the rays also, they are sometimes very numerous; 
in other eclipses they are few in number. Let us take the 
eclipse observed in India in 1868. Several drawings made 
there showed the corona as square as it was drawn in Spain 
last year ; others as round as it was seen in Sicily ; but 
the eclipse was not observed only in India, it was observed 
at Manta walok-Kelce by Captain Bullock, and at Whae- 
VVhan, on the east coast of the Malayan Peninsula, by 
Sir Harry St, George Ord, Governor of the Straits Settle- 
ments. 2 In the former place we had rifts expanding rapidly 
as they left the sun— one forms an angle of 90°, the sides 
of another being parallel — separating patches of corona, 
which in some places extends 2 \ diameters of the moon 
from the sun. 

* 

1 The probable origin of these rays will be stated in the sequel. 

9 For the observations made by this party see the " Account of a 
Visit to the King of Siam,* printed at the Government press at Singa- 
pore, in *868. The rifts are thus described; “It was noticed that 
from several points in the moon’s circumference darker rays emanated, 
extending to a considerable distance into space, and appearing 
shadows cast forth into space by something not very well defined. 
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At Whae-Whan we are ^Jd that at one particular 
moment of the eclipse " it was noticed that from several 
points in the moon’s circumference darker rays emanated. 



CHAP. 

XVIII. 


The dark 
tays or 
'‘rifts.” 


Fig. hj. — E clipse of 1868. The corona a* observed at MamawaJok-ICefcc* 


extending to a considerable distance into space, and 
appearing like shadows cast forth into space by some-' 
thing not very well defined ; n these dark rays afterwarfs 
“ diminishing.” 
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Now let us pass on to the eclipse of 1869. In two 
drawings made by Dr. Gould, in which the changes in the 
bright bundles of rays come out in a most unmistakable 
way, we get similar rifts, which changed as violently as did 
the rays j while in another drawing made by Mr, Gilman 
the whole corona is furrowed by narrow rifts in all regions 



lying between" violet, mauve-coloured, white, and yellowish 
white rays! * 

Now, what have we bearing on this point in the recent 
observations ? No rift was seen in Sicily ; one rift was 
recorded by the sketchers in Spain, but more than one rift 
was photographed in both places. We must remember. 
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however* in thus bringing eye-sketches and photographs 
into comparison, first that the eye too often in such 
observations retains a general impression of the whole 
phenomenon, while the plate records the phenomenon as it 
existed at the time at which it was exposed ; and secondly, 
that we know that the plates record chemically, while 



the eye recbfids Visually. We are dealing with two different 
kinds of light. 

I will show you two photographs on the screen. Although 
the lucid intervals were very rare, we were fortunate enough 
to get one photograph of the coronal regions in Syracuse, 
and one in Spain. I now show you the photograph made 

u 2 
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by the American party in Spain. You see here that, 
probably owing to a cloud, we get a certain amount of light 
driven on to the dark moon, and you also see the indica- 
tions of the rifts. This photograph was taken with an 
instrument with a small field of view, so that the most 
important parts of the corona were rendered invisible by 
the instrument itself. 

Lord Lindsay, who also photographed in Spain, recorded 
no rifts. 

In the other photograph, taken at Syracuse, the result is 
better. We have the equivalent of the rift in the photo- 



Fits. ti&'—EclifMe of *870. Photograph of the corona taken at Syracuse. 


graph I showed you before. The instrument was extremely 
unsteady, and the definition not so good as it would have 
been if Mr. Brothers had had a good opportunity of dis- 
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playing his skill. We get other fainter indications of other chap. 
rifts here and there, and the question whether these rifts xvln - 
agree in the photograph taken in Spain with those in 
that taken in Syracuse is one of great importance ; and 
it is to be hoped that before long it will be set at rest 
Some observers think they agree ; others think they 
do not. 

But there is an important consideration based on that 
photograph, to which I must draw your particular attention 
I have shown you the photograph as it may be thrown 
on the screed; but in the photograph itself there are deli- 
cate details which it is impossible to reproduce. The dark 
portions in the corona indicated in the copy I have shown 
you are merely the bases of so many dark wedges driving 
out into space, like their prototypes in the Indian eclipse. 

It is Mr. Brothers’ opinion, I believe, that all you see on 
the screen round the dark moon, all that enormous mass 
of light, nearly uniform in texture, and these beautiful 
broad rays between the rifts, are really and absolutely 
parts of the solar corona. I confess I do not wish to 
commit myself to such an opinion. We want more Opinion 
facts, and the onus probandi lies with those who insist ranvtJ. 
upon that view, and I have yet to hear an explanation of 
them on that basis. 


h. — The Corona sometimes scans to be flickering or 

rotating. 

We now come to the next point. Time otlt of mind — 
that is, for the last two centuries — the corona has been 
observed to be flickering, wavering, or rotating, moving in 
every conceivable way and direction. In 165* h was 
described as "a pleasant spectacle of rotatory ihotion.” 1 
Don Antonio Ulloa remarked of the corona observed in the 

# 1 For many of these references 1 am indebted to Grant's “ History 
°f Physical Astronomy,'’ which should be consulted by the reader. 
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eclipse of 1788, “It seemed to be endued with 
a rapid rotatory motion, which caused it to 
resemble a firework turning round its centre.” 
The terms whirling and flickering were applied 
in the eclipse of i860. This extraordinary con- 
dition of things was also thoroughly endorsed 
by the late observations. It certainly exists, 
and is among the observations we have to take 
into account. When I saw an officer of one of 
the ships at Catania, I asked him if he had 
taken a drawing of the corona. “ No,” he said. 
I asked him, “ Did you see any rays ? ” “ Yes.” 

*' Then why did you not make any drawing of 
them ? ” His answer was, “ How on earth could 
you draw a thing that was going round and 
round like a firework ? ” This was not the 
only observation of the kind, and the tendency 
of such observations, I need hardly say, is to 
strengthen a belief in the unstable, and there- 
fore tmcosmical, nature of these rays. 

Is this variation of light due to the bril- 
liancy of the corona, and the rapid change of 
the rays, which is one of the results which 
conftes out clearest? In 1842 the brilliancy of 
the corona was stated to be insupportable to 
the naked eye. A similar remark was made to 
me by several of those officers who saw the last 
eclipse in Sicily. 

II. — PoLAKiscoru; Observations. 

With regard to the polarization experiments, 

6ry'|he kindness of Mr. Spottiswoode I am en- 
ables? to show you, in a very clear way, the 
ritison d 'It re of the polariscopic observations 
made during this and former eclipses ; but the 
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polariscopic ground is a wide one, and it is not my intern 
tion to cover it to-night. 

I have had this arrangement of lamp, reflector, and 
prisms made, so that y a may see how the polariscope 
can determine the percentage of reflected light at dif- 
ferent angles, and the direction of reflection. Assume this 
lamp (A, Fig. 1 17) to represent the sun ; let this reflector 
a close to the lamp represent a particle near the sun, 
reflecting light to the eye B: we shall naturally have 
the light reflected at a much larger angle than if the 
reflector a' representing a particle in our own air were close 
to the screen. Having this idea of the angle of reflec- 
tion in your minds, and the fact that the larger the angle 
under these conditions the more the polarization, if you 
take this lamp, as I have said, to represent the sun, and 
this mirror to represent any particle, of whatever kind 
you choose to imagine, it is clear that in order to get the 
maximum polariscopic effect from that particle, you must 
have it so situated that it will reflect light at a consider- 
able angle to the beam coming from the electric lamp. 

Now it is clear that, in order to polarize the beam mpst 
strongly, l must place the reflector close to our imaginary 
sun. If I so place it as to represent a particle in our own 
atmosphere, the angle will be so small that the polarization 
of the light will hardly be perceptible. 

Here is our sunlight, which we will polarize at as great 
an angle as we can; by placing the reflector close to the 
imaginary, sun, and send it through this magnificent prism 
which Mr. Spottiswoode has been good enough to place at 
our disposal ; and in the path of the beam I will place an 
object, so that you may determine whether there is polarized 
light. [Experiment.] You see there is considerable bril- 
liancy in those colours; their brilliancy dependifl'g* upon 
the amount of polarization. * 

Now if, instead of having our reflect^ close to our 
imaginary sun representing a particle in the Sun s atmo- 
sphere, we place it near the screen to represent a particle 
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cha«\ in our own, in which case the angle is extremely small, 
xvm ‘ the brilliancy of the colours will entirely disappear. You 
see it has disappeared. The colours, as colours, are dis- 
mmy. tinguishablc, but their brilliancy has gone. 

That is the rationale of the polariscopic observations 
which have been made on the occasion of the last eclipse, 
with more elaboration than they ever were before. If wc 
found the corona to be strongly polarized, this was held to 
be a great argument in favour of the corona being a real 
solar appendage, an argument strengthened if the polar- 
Tki fvlari- ization was also found to be radial. At present, however, 
a £ rcat many of the observations that have been made 
jcLltfui. have not been received, and those that have been received 
are as discordant as those obtained in former* eclipses, and 
therefore my account is an imperfect one, because I have 
not had an opportunity of discussing all these observations. 
Indeed, if I had, I should hesitate to give an opinion on 
the subject. When Mr. Carrington saw that small corona 
in 1851, and Mr. Gilliss saw that small corona in 1858, 
neither of them traced any polarization whatever; but 
when M. Liais saw that large corona in 1868 which was 
invisible to Mr. Gilliss, he in his turn saw an immense 
amount of polarization, which led him to believe that 
the corona was solar, the whole of it, rays and everything 
included, and that we had an indication of a solar atmo- 
sphere two or three times higher than the diameter of 
the sun ; that is, an atmosphere two or three millions of 
miles in height. 

This observation is not in accordance with the general 
conclusions from the drawings I have shown you ; and 
let me audd that the assumption of reflection at the sun 
is not without its difficulties, and that we have not yet 
traced reflected sunlight, even when the strongest potari- 
scopic effects have been observed.* 

1 See the chapters on the Indian Eclipse of 1871. It is there 
shown that M. Janssen has obtained evidence of the reflected sun- 
light. (1873.) 
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III— Airy’s and MXdler’s Conclusions as to the 
results of the Pre-spectroscopic Observations. 

Before passing to the spectroscopic observations I will 
state the conclusions at which the Astronomer Royal and 
M. Madler arrived after the observations of i860 had been 
gathered together. 

The Astronomer Royal, in a lecture delivered before 
the British Association at Manchester in 1861, stated that 
the assumption of an atmosphere extending to the moon 
explained the observation of Plantamour, which could, he 
thought, be explained in no other way, and he held also 
that the polarization experiments seemed to show the 
same thing. The Astronomer Royal was content to find 
the reflection, which so many now insist must be at the 
sun, taking place somewhere between the earth and moon. 

M. Madler’s verdict is in the same direction, and though 
he does not perhaps express so decided an opinion, he 
maintains that the atmosphere plays a principal part in 
the phenomenon ; and after detailing experiments to show 
this, he remarks of the solar and atmospheric portions, 
“ Both cover each other and unite in one phenomenon, so 
that the corona is a mixed phenomenon.” 

I shall shortly show you that the spectroscope, leaving 
the telescope out of consideration, has taught us that this 
is true, though I shall not be able to show you that it is the 
whole truth ; we are not yet ‘in a position to do that. 
Madler 1 concludes his observations by remarking, “We can- 
not share the doubts of those who are afraid to surround 
the sun with too many envelopes ; neither do we find any- 
thing unnatural in the statement that the sun has as many 
atmospheres as Saturn has rings ; but we gladly admit 
that we cannot yet say anything positive. We have here 
a large field of probabilities, and the decision may yet be 
distant.” We can speak with more certainty now ! 

See Madler’s papers in vols. xxviii. and xxix. of the Transactions 
"/ the Jem Academy. ’ 
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IV. — Spectroscopic Observations. 

a.- Spectrum of the Corona first observed by Tennant, 
Pogson, and Rayet. 


We now come to the consideration of those observations 
in which we are aided by a most powerful and our most 
recent ally, the spectroscope, first used in the eclipsed sun, 
as you know, in the eclipse of 1868. You all. know that 
in that year the question of the nature of red flames was 
for ever settled by M. Janssen, Major Tennant, Captain 
Herschel, and others, who observed that eclipse in the 
most admirable manner; but we have nothing to do with 
the red flames now, we have to do with something out- 
side them. 

Now', most of you are under the impression, and it was 
mine until the day before yesterday, that the only thing we 
learnt about the corona in the eclipse of 1868, was that 
The its spectrum was a continuous one ; and I need not tell any- 
'P;’:r one in this theatre that the assertion that it was continuous 

£>t tht 

immasaid was one that was extremely embarrassing, and implied that 
coHtiJusus we had something non-gaseous outside the red flames, 
which seemed very improbable to those who know any- 
thing about the subject. But some of you will no doubt 
remember that, besides Major Tennant, who made this 
observation, we had a French observer, M. Rayet, who 
gave us a diagram of the spectrum of one of the pro- 
minences, and Mr. Pogson, who has now been for some 
time in India, and is a well-known observer, who gave us, 
nominally as the spectrum of a prominence, a spectrum 
with some curious variations from M. Rayet’s diagram. 

I exhibit a copy of M. Rayet’s diagram 1 of the spectrum 
of a prominence, as he called it. At the bottom is what 

1 The following is M. Rayet’s account of his observations 
“ La finite du spectroscope ayant «ftd rcplac^jperpend i cu lairetnen t 
au bord du soleil, e’est-i-dire, dans la direction de l’axe de la protube- 
rance en forme dc come, je retrouvai !es neuf lignes brillantes vucs un 
instant auparavant. Toutcs ces lignes prenaient naissanee au menu 1 
niveau vers la panic' du champ spectral occupd par 1'imagc dc la 
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he considered to be the spectrum of the lower portion of 
the prominence, while in the higher portion, where we get 
fewer lines, as he considered, is the spectrum of the 
higher portion of the prominence ; the spectrum of the 



lower portion contains the lines B, D, E, and F, and some 
other lines, in al| nine, while the spectrum of the upper 
part of the prominence, as he thought it, only contains 
three lines. It was at first difficult to account foj* these 
observations. In the first place, one could not understand 
the line B being given, because I soon found that the line 
B was not seen as a bright line in the chromosphere spec- 
trum ; it was clearly the line C that was intended. Hence 

lune ; mais du cdtd qui rdpondait h la parlie la plus dlevde de l’atmo- 
sphdre solaire, ou au sommet de la protuberance, elles se terminaient h 
des hauteurs variables ; quelqucs-unes d'entre elles se prolongeaient 
au-delh de la longueur moycnne par un trait lumineux tres-faible. Ces 
diverscs lignes diffdraicnt d’ailleurs par leur tfclat rclatif. Le fac-simile 
ci-joint (Fig. 1 18) d’un dessin fait peu d'instants aprds Idclipse lorsque 
mes souvenirs dtaicnt trds precis, reproduit l’apperance g<5n<5rale du 
spectre. r 

“ D’apr&s la disposition des lignes dans 1c champ, d’npr&s leur espace- 
ment relatif, leur couleur, et enfin, d’aprds la physionomie memc de leur 
ensemble, j’avais assimild les neuf lignes brillantes de mon spectre 
aux principales raies de Fraunhofer, B* D, F., b, une ligne inconnue, . 
J et deux lignes du groupe G. Cette estime dtait imparfaite sans 
doute ; on verra cependant qu’elle n’dtait pas fort dloignde de la 
veritd.” — M 6 moire sur tis Raies brillantes du Spectre de t Atmosphere 
solaire et sur la Constitution physique du Soldi. 


“11 y a eu ici une erreur d'estime ; la ligne B ne fait pas partie thr 
s l>cctre des protuberances, mais on v rencontre la ligne C." 
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chap, doubt was thrown on the other lines ; it seemed as if M. 
xy|>> ‘- Rayct was wrong about his elongated lines D, E, and F, and 
Qbsfrva - probably meant C near D and F. And so it was explained 
— * afn as ^ amec ^ to say by myself — that there was no par- 
ticular meaning in these elongated lines, except that the 
spectrum of the prominence some distance away from the 
sun was simpler than it was nearer the sun, as happens in 
all prominences, as we may now determine any day we 
attJ choose to look at the stin by means of the spectroscope. 

Now let us hear Mr. Pogson. 1 He gave a diagram showing 

1 I here give his statement on this point in exteiisfo 
w A little before 9 A.M., when the partial phase was well advanced, 
I turned the spectroscope upon the sun, and took th<* micrometer 
readings of seven known lines of the ordinary spectrum, agreeably to 
Mr. Huggins’ instructions. I had previously taken care to have the 
equatorial stand- in tolerable adjustment, and side by side with the 
Smythian telescope employed for the other etas'? of observations. 
After measuring the long prominence, as before Inscribed; about one 
minute after the beginning of totality, I directed the finder of the spec- 
troscope telescope to a part .of the corona on the sun’s southern limb, 
as clear of any visible prominences as possible. A faint light was seen, 
scarcely coloured, and certainly free from either dark or bright lines. 
While wondering at the dreary blank before me and feeling intensely 
disappointed, some bright lines came gradually into view, reached a 
pretty considerable maximum brilliancy, and again faded away. Five 
of these lines were visible, but two decidedly superior to the rest. A 
turn of the right ascension tangent rod immediately brought back the 
welcome lines, and bv manipulating it with one hand, and the spectro- 
scope micrometer with the other, the readings of the two brightest were 
secured* It struck me as strange that these brightest lines should 
appear at a part of the spectrum not corresponding to any very con- 
spicuous dark lines in the solar spectrum ; but not having KircnhofFs 
chart in my possession, I must leave it for my scientific friends at home 
to decide upon the interpretation of the measures obtained. The third 
line seen, in order of brilliancy, must have been either coincident with 
or very near the place of the sodium line D, but it was much fainter 
than the two measured ; while the fourth and fifth lines were extremely 
faint, and about as close as E and f, but I estimated them to be some- 
where near the position of Fraunhofer’s F in the solar spectrum. The 
fact of tjpfltt lines being seen at all, shows that the red prominence 
which produced them was composed of incandescent gas ; but whether 
similar to any of our known terrestrial elements or otherwise, it would 
be premature for me to offer any opinion. The red prominence under 
observation in my spectroscope was not the long one which most other 
observers naturally singled out for examination, but one of the two 
side by side about the S.E. by E. point of the moon’s black disc. 

1 remeasured the seven ordinary lines of the solar spectrum about tm 
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five lines in the spectrum of what he thought a promi- 
nence, and he writes: — “A faint light was seen [in the 
spectroscope], scarcely coloured, and certainly free from 
either dark or bright lines. While wondering at the 
dreary blank before me, and feeling intensely disappointed. 
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some bright lines came gradually into view, reached a 
pretty considerable maximum brilliancy, attd again faded 
away. Five of^these lines were visible, but two decidedly 

superior to the rest The readings of the two 

brightest were secured. It struck me as strange that these 
brightest lines should appear at a part of the spectrum 
not corresponding to any very conspicuous dark lines in 

the solar spectrum [These lines are a little less 

refrangible than E.] The third line seen, in order of 
brilliancy, must have been either coincident with or very 
near the place of the sodium line D, but it was much 
fainter than the two measured ; while the fourth and fifth 

same time on the following morning, and also repeatedly since my 
return to Madras, the extreme difference in any case being four divi- 
sions of the micrometric scale for the lines A and C. The scale 
mimliei s (a mean of the two Masulipatam readings) were as follows 

a 1513 in the deep red. 

C 1547 in the bright red. 

D 1639 in the yellow. 

f \ both in the green. 

t » 7 W > 1 

F 1873 in the blue. 

(I 2055 in the deep blue. 

The two bright lines were situated, the most conspicuous at 1743 
and the other at 1763 .” — Report of the Government Astronomer., 
Madras, Eclipse of August 18 fh, 1868. M? 
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lines were extremely faint.” [They were very faint and 
DOUBLED, and near F, I have seen F give way to a 
double line in our hydrogen experiments, though I am 
not prepared to say this is an explanation of Mr. Pogson’s 
observations.] w 

The fact that we have here the first observations of the 
spectrum of the sun’s corona is on^lbeyond all doubt ; and 
why M. Rayet and Mr. Pogson thought they were observ- 
ing prominences when they were observing above them, 
is explained by a remark made by Captain Tupman, of the 
Royal Marine Artillery, who acted as jackal to Professor 
Harkness, and picked out the brighter spots of the corona 
for his observation. Professor Harkness, observing the 
prominence bright lines, said to Captain Tupman, “ You 
have turned the telescope on to a prominence ; I wapt the 
corona.” “ No,” said Captain Tupman, '.’j am giving you 
the corona as well as I Can." It was certainly the corona 
in both cases. Here you see, dimly and daf jdy, the first 
outcome of the spectroscope on the nature of the corona ; 
a record as fairly written as anything at th 4 sun Can write 
it : and I am more anxious to lay stress on these observa- 
tions, since they have lain fallow for two years, and show 
the importance of observations, not only in extending our 
knowledge, but in explaining prior observations ; and it is 
an additional reason for never rejecting an observation. 
What was, however, dim and dark in 1 868 shone out 
brightly in 1869, thanks to the skill of the American 
observers of the eclipse of that year. 

b. — Laboratory Experiments bearing on these Observations. 

But before I proceed to refer to the admirable observa- 
tions made in America during this eclipse, I wish to intro- 
duce you to some work which was commenced in tS68, and 
has been done quite independently of eclipses. In a 
lecture which I delivered here about two years ago, I 
described to you some of the facts observed by the spec- 
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troscope in the bright-line region which had been spec- 
troscopically determined to exist all round the sun, and 
which, as io it all the various coloured effects are seen in 
total eclipses, I had named the Chromosphere. It was 
clear that by the new method of observing this without 
any eclipse, by partially killing, so to speak, the atmo- 
spheric light, we got a percentage only of the phenomenon, 
as the atmospheric light could only be killed by an amount 
of dispertpjn which enfeebled* and shortened the chromo- 
spheric lines ; so that, although we could say that an 
envelope of some 5,000 or 6,000 miles in height existed 
round the sun, we could not fix this as a maximum limit. 
Further, when we examined the spectrum of this envelope 
we got long lines and short lines ; and I told how the 
short lines indicated a low stratum, and how* a long line 
indicated a higher one. To explain this, I will show you 
an observation? linade long before the new method was 
thought o£ ^ Even before that time we had abundant 
evidence of* flfuch strata, if we could not determine their 
nature : we distinct evidence either of one thing 

thinning out, and then another, or that various substances 
were situated at different levels, under different conditions; 
on the first hypothesis, at the extreme outside of the chro- 
mosphere the last thing would thin out, and then there 
would be an end of all things as respects the sun. 

I will show you a drawing made by Professor Schmidt of 
the eclipse of 1851. I do not wish to call your attention 
to the strange shape of the large prominence, but to the 
fact that as the moon passed over this region we get a thin 
red band, first along the edge of the dark moon, and after 
the moon had passed over still further we see this red. 
layer, suspended as it were in the chromosphere, with a white 
layer below it. This is the explanation of the* 4 ong and 
short lines visible in the spectrum of the chromosphere: 
*n the red layer we have hydrogen almost alone ; below, 
its red light was conquered by other light with bright lines 
in all parts of the spectrum, and we get white light. 
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Lord Lindsay tells me he has a distinct indication, written 
. by the snn himself, that in one particular part of the chro- 
mosphere, as recorded photographically in Spain, there 
were three such layers. And oyer and over again we find 
recorded white light close ^toNjjgr sun, then red alone, or 
red mixed with ye! low, then violet, and lastly green. And 
M. Madler remarks on this Very admirably, “ The violet 
band is the link between the prominences and the corona.” 

Before going further, I will show you the difference in 
the appearance of what we* may term hot hydrogen and 
cold hydrogfen ; that is, hydrogen which we drive into dif- 
ferent degrees of incandescence by means of the spark. 
After Dr. Frankland and myself were able to determine 
that the pressure in these solar regions was small, we came 
to the conclusion, that outside the hot hydrogen there 
must be some cooler hydrogen, in older J«|at the pheno- 
mena we observed, both in the laboratory and in the 
observatory', should agree. 

I have in this tube hydrogen at a certain "pressure, and 
here we have a coil which will enable us fih send a spark 
through it ; you see we get a certain amount of redness in 
that tube, and if you look on one side or above you will 
see a sort of bluish-green light. Now that redness repre- 
sents the 'condition of the hydrogen in the region of the 
sun where Dr. Schmidt gave us that extremely thin red 
ring, and the combination of the blue and red would give 
you something very like violet. 

But here I have hydrogen under a different condition. 
In the tube its rareness is not excessive ; but in this globe, 
of which I am about to speak, you have the nearest 
approach to a vacuum ever obtained through which a spark 
vriil pass ; and I beg to call your attention to what will 
now happen. This globe contains the same chemical ele- 
ment, prepared at the same time as the chemical element 
you have in the tube; but you see that, so far as colour 
goes, we have something perfectly different in this case. 
Now wc send the spark through it. I would beg Professor 
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Tyndall, if he will be good enough, to observe the spectrum 
of this hydrogen in this globe [Professor Tyndall did so] 

You will see that there is one line ? [Professor Tyndall. 

Yes.] And a continuous spectrum ? [Professor Tyndall. 

And a continuous spectrum} Cool hydrogen gives us only 
the bright line F, plus a continuous spectrum, and many of 
you will know the extreme importance of that observation. 

It accounts for the F Khe being observed without the C line 
in 1868 and last year, and also for the’ continuous spectrum 
observed in the Indian eclipse. 

c. — The Am&rican Eclipse. 

When we come from the Indian to the American eclipse 
with the considerations to which I have drawn your atten- 
tion — namely, the existence of these different layers due to 
the different elements and conditions of the same element 
thinning out — we shall see the extreme importance of the 
American observations, for they establish the fact that 
outside the hydrdgen layer there was a layer giving only a 
line in the green, the line which Rayet and Pogson had 
observed associated with the hydrogen spectrum and the 
spectrum of the yellow substance. Here obviously we 
have, I think, merely an indication of another substance 
thinning out, in spite of the extraordinary suggestion which 
was put forward that the corona was nothing but a perma- 
nent solar aurora. 

I need hardly tell you that the idea of a permanent 
aurora anywhere was startling, and that of a permanent 
solar aurora more startling still ; but what I claim is that 
during last year’s observations we made this very startling The outer 
idea into a most beautiful fact— namely, that the outer 
layer of the chromosphere is in all probability nothing sphere con- 
more nor less than an indication of an element lighter 
than hydrogen, although this is not yet absolutely estab-* lighter 
lished, for tlio line is coincident with one of the lines in the 
spectrum of iron. 
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Dr. Frankland and myself wete eartyqrawn to consider 
the solar nature of the largf|ee^|ai^s, to which I have called 
your attention, as extreme!^ questionable, even on the 
supposition of cool hydrogen, because we did not sec how, 
with its temperature and pressure, it could extend very 
far : and an experiment which I have to make here will 
probably make that clearer. 

We have in these glass vessels hydrogen, a little more 
brilliant now the spark passes through it than that you saw 
in the globe, because I have been compelled to mix with 
it a certain amount of mercury vapour. Below, we have 
at the present moment sodium vapour being generated 
from metallic sodium in one tube, and mercury vapour in 
the other. I hope, if the experiment succeeds, you will 
see that a good many of the coloured phenomena seen in 
the chromosphere during eclipses may be easily reproduced 
by such experiments as this ; and not only the coloured 
phenomena but the increase of brilliattcy accompanied by 
changes of colour recorded. You can now all see the 
yellow tinge at the bottom of one tube, and the green tinge 
at the bottom of the other; and if there were time to 
continue this experiment by increasing the density of the 
vapours now associated with the hydrogen, I could make 
the bottom portion of each tube where the vapours are 
densest shine out almost like the sun, while the cool hydro- 
gem at the top would remain not more brilliant than it is 
at present. We should have, as it were, a .section of the 
chromosphere. 
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I will proceed allow me, to some of the 

general results a$fcj$nat" dtfiffng the last eclipse. 

I think that', although th£ work has been very unfortu- 
nately interrupted, the'CSWjflfAas been most satisfactory. 

By putting together observations here and observations 
there, I consider our knowledge of the sun is enormously 
greater than it was a fcjv months ago. For instance, we 
arc enabled to understand the long-neglected observation 
of Rayet, and the equally long-neglected observation of 
J’ogson ; and we know that outside the hydrogen there is, 
in all probability, a new clement existing in a state of 
almost infinite tenuity. And we are sure of the existence Cool 
of cool hydrogen above the hot hydrogen, a fact which 
seemed to be negatived by the eclipse of 18G9. 

I think, if we had merely determined that there was 
this cool hydrogen, all our labour would not have been in 
vain, as it shows the rapid reduction of temperature ; but 
there is more behind. I told you that M. Madler, in sum- 
ming up the observations made up to i860, came to the 
conclusion that part of the corona was certainly solar, and i\vi of the 
that whether the outer portions were or were not solar, 
was a matter of doubt. I do not say that we have settled 
th.it absolutely, but we have firm evidence that some of the 
light of the corona is due to reflection between the earth 
and the moon. The outer corona was observed to have a 
rosy tinge over the prominences, and the spectrum of the 
prominences was detected many minutes above them, as 
well as on the dark moon. It could not have got this 
colour at the sun , for its intrinsic colour is green, and the 
red light of the hydrogen supplied at the sun is abolished 
altogether, is absorbed, and can only reach the corona at 
the sun, so to speak, as dark light. 

It is a great fact that we are sure, far as observation 
ran make us sure, that there is a glare found the hydrogen, 
which gives us the spectrum of hot hydrogen on the corona. 
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where we know that /tot hydrogen does not exist } Assume 
the hot hydrogen which gives us the red light to be only 
two minutes high, the spectroscope has picked it up eight 
minutes from the sun ? The region of cool hydrogen is 
exaggerated in the same way. We get it where there is no 
indication of the cool hydrogen existing. And then with 
regard to the element which gives us the line of the green, 
we get that twenty minutes or twenty-five minutes away 
from the sun. Well, no man who knows anything about 
the matter will affirm that it is certain that the element 
exists at that distance from the sun. 

Therefore I think we have absolutely established the fact 
that as the sun — the uncclipsed sun— gives us a glare round 
it, so each layer of the chromosphere gives us a glare 
round it That is exactly what was to be expected, and 
that it is true is strengthened by the observation — a most 
important observation made in Spain — that the air, the 
cloud, every thing between us and the dark moon, are the 
same spectrum that we got from the prominences themselves. 

Given, however, the layers and elements in the chromo- 
sphere extended as far as you will, and apparently increased 
or not by reflection not at the sun, we have still to account 
for rays, rifts, and the like. If anyone will explain either 
Mr. Brothers’ photograph or Mr. Gilman’s picture of the 
eclipse of 1869, containing those dark bands starting from 
the moon and fading away into space, and the bright 
variously-coloured rays between them, on any solar theory, 
he will render great service to science. But in the mean- 
time I must fall back upon M. Miidler’s opinion of i860, 
with the addition to it that I have stated, that we have 
found, at all events, that some of the doubtful light is non- 
solar ; we hav£ turned the opinion into a fact 

Bear in mind that close to the sun you have a white 
layer composed of vapours of many substances, including 
all the outer ones; outside this is a yellow region ; above 
that a region of hydrogen, incandescent and red at the 
* Wet. learnt in 1871 that hydrogen does exist there ! (* 873 ) 
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base, cooler, and ther$|pre blue, higher up, the red and 
blue commingling and giving us violet ; and then another 
element thinning out and giving us green. Take these 
colours in connection with those which are thrown on our 
landscapes or on the sea during eclipses, each region being 
lit up in turns with varying, more or less monochromatic 
light, and that light of the very colour composing the 
various layers, each layer being, as I have shown, so much 
brighter than the outer ones that its light predominates over 
them : is it too much to suggest to those who may be 
anxious to attempt to elucidate this subject, that probably, 
if they would consider all the conditions of the problem 
presented by that great screen, the moon, allowing each of 
these layers by turn to throw its light earthwards — the in- 
equalities of the edge of the globular moon allowing here 
light to pass from a richer region, here stopping light from 
even the dimmer ones — they would be able to explain the 
rays, their colours, variations, apparent twistings, and 
change of side ? I do not hesitate to ask this question, 
because it is a difficult one to answer, since the whole 
question is one of enormous difficulty. But difficult though 
it be, I trust I have shown you that we are on the right 
track, and that in spite of our bad weather, the observations 
made by the English and American Government Eclipse 
Expeditions of 1870 have largely increased our knowledge. 

With increase of knowledge generally comes a necessity 
for changing the nomenclature belonging to a time when 
it was imperfect. The researches to which I have drawn 
your attention form no exception to this rule. A few 
years ago our science was satisfied with the terms promi- 
nences, sierra, and corona, to represent the phenomena I 
have brought before you, the nature of both being abso- 
lutely unknown, as is indicated by the fact that the term. 
sierra was employed, and aptly so, when it was imagined 
the prominences might be solar mountains! We now 
know many of the constituent materials of these strange 
things ; we knowv that we are dealing with the exterior 
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chap, portion of the solar atmosphere, and a large knowledge of 
XV I “~ solar meteorology is already acquired, which shows us the 
whole mechanism of these prominences. But we also 
know that part of the corona is not at the sun at all, 
1 fence the terms kucosphere and halo have been suggested 
to designate in the one case the regions where the general 
radiation, owing to a reduced pressure and temperature, is 
no longer subordinate to the selective radiation, and, in the 
other, that part of tl$e corona which is non-solar. Neither 
of these terms is apt, nor is either necessary. AH purposes 
will be served if the term corona be retained as a name for 
the exterior region, including the rays, rifts, and the like, 
about which doubt still exists, though it is now proved that 
some part is non-solar ; while for the undoubted solar por- 
tion the term Chromosphere — the bright-line region — as it 
was defined in this theatre now two years ago, exactly 
expresses its characteristic features, and differentiates it 
from the photosphere and the associated portion of the 
solar atmosphere. 

Here my discourse would end, if it were not incumbent 
on me to state how grateful I feel to Her Majesty's 
Government for giving- us the opportunity of going to the 
eclipse;, to place on record the pleasure we all felt in being 
so closely associated in our work with the distinguished 
American astronomers who from first to last aided us 
greatly; and to express our great gratitude to all sorts 
of new friends whom we found wherever we went, 
and who welcomed us as if they had known us from 
our childhood. 
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It is now as nearly as may be two centuries ago since a 
man, whose immortal fame has made of Cambridge a place 
of pilgrimage, proved to the world by “ reason and experi- 
ments” that “ the light of the sun consists of rays differently 
refrangible;” and in the same book in which the results of 
his work are recorded, we find the following pregnant 
question, which shows that he who had thus, all unknow- 
ingly, given us the means of discovering the truth, had 
already, at one bound, arrived at a conception of it which 
I propose to show in the present discourse is right in the 
main. 

“Are not,” said Newton, in his eleventh Query, "the 
sun and fix’d stars, great earths vehemently hot, whose 
heat is conserved by the greatness of the bodies, and the 
mutual action and reaction between them, and the light 
which they emit ; and whose parts are kept from fuming 
away, not only by their fixity, but also by the vast weight 
and density of the atmospheres incumbent upon them, 
and very strongly compressing them, and condensing the 
vapours and exhalations which arise from them ?” 

It should be a lesson to those high in place, who have 
it in their power to encourage a widening of the boundaries 

| The Rede Lecture, 1871, delivered in the Senate House, Cam- 
bridge, on May 24, 1871. 
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of knowledge, and fail to do so, to reflect that the world 
had to wait for considerably more than a century for the 
next steps which brought Newton’s work with the prism, 
and his Query, into closer connection, although the prism 
was competent to lead us to a discovery of as high an 
order of importance in one branch of physical astronomy 
as gravitation is in another. 

The steps I refer to were Wollaston’s detection of the 
dark lines in the solar spectrum, and Fraunhofer’s observa- 
tions of the spectra of some of the fixed stars in which 
similar lines were detected. 

Here, then, we had the sun and stars linked together 
by still another bond— the spectra of both contained dark 
lines; but the opinion of the time was, that far from being 
great earths vehemently hot, they were great earths cool 
and habitable as our own. 

Still another half-century was sacrificed to our imperfect 
organization in matters of science, and then the mystery of 
these dark lines was solved— solved in part, that is to say ; 
and by a man whom this ancient University also claims, 
and one who is still among you to receive the honour 
which is his due — I mean Professor Stokes— although the 
discovery, which is the most important one of our age, is 
generally ascribed to KirchhofF and Hunsen, as they were 
the first to publish it. 

Now, I need not tell you that the first obvious out- 
come of this splendid generalization is the proof that the 
sun and fixed stars are undoubtedly “ vehemently hot ; 
for if there is anything at all in spectrum analysis which 
teaches us or can teach us anything about the sun or 
stars, we proceed on the assumption that we have in 
the sun and stars “vehement heat;" and the beauty of 
the reference to the “great earths" is further enhanced 
by the fact that, instead of finding the sun composed 
of substances which are unknown to us, many elements 
which are most familiar to us earth-dwellers arc found 
there. 
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That the sun and stars were great earths vehemently chaf.xix. 

hot was now, in fact, put beyorid all question by the 

prism : for I need scarcely remark that not only were 
"the dark lines revealed by that instrument in the solar The sun 
spectrum now shown to be due to the absorption, by 
incandescent gases and vapours, of light proceeding from vehemently 
something more intensely heated still ; but the presence hot% 
of. hydrogen gas and the vapours of sodium, iron, mag- 
nesium, barium, and many other terrestrial elements in 
the atmosphere, was absolutely demonstrated by the exact 
fitting of some of the dark lines I have referred to with 
bright ones in the spectra of the vapours of those elements. 

The sun and stars burst into song, and the whole heaven 
was filled with new and exquisite harmonies. 

But Newton refers not only to a great heat, but to a 
“fixity” of the “parts;” by which reference, I take it, he 
shows us that he perfectly understood that the heat of 
the fixed stars and of the sun could not be the heat of 
combustion, arising from chemical change, but the heat of 
incandescence. 

In the theory of the sun based by Kirchhoff on his Kirch hop's 
experiments, the general surface of the sun — the photo- t,u0,y ' 
sphere — is regarded as liquid, as one unbroken molten sea, 

“ in continual motion, as our own are when raised by 
storms and foaming waves and these waves are ascribed 
to the enormous changes of temperature occurring in an 
overlying solar atmosphere, and the force of the currents 
which must in consequence be produced. The atmosphere, 
relatively cooler than this molten sea, is on this theory the 
corona, a phenomenon visible to us during total eclipses ; 
the most effective absorbing layer being situate at some 
distance above the sun. The only “condensation” which 
Kirchhoff allows is. that rendered evident to us by spots, 
which according .to him were clouds suspended in the 
atmosphere, and therefore situated above the photosphere, 
on which the atmosphere/ according to him, rested.- 
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cm . vr. \ix. Now Newton — as I hold is clearly evident from ‘the 

latter part of his Query-had in his mind something very 
different from this— something which I hope to show is 
more in harmony with all the telescopic evidence, and with 
some recent work with that instrument of his, the prism, 
in which the attack on the sun has been varied from that 
hitherto employed. 

intr In the researches which culminated in the discovery 
to which I have alluded, ordinary solar light was admitted 
sftAr.u j n to the slit of the spectroscope irrespective of the part of 
'“'A- the sun^ftence it came ; the light even might have been 
reflected from a cloud. In this way it is clear we deal 
with the average of all the light radiated from all parts 
of the sun, assuming that different parts of the sun do give 
us light of different kinds. But if by means of a telescope 
we first obtain an image of the sun, and so arrange the 
spectroscope that only the light of the portion of the sun 
the image of which is on the slit can enter it, then it is 
clear that we shall be able to examine the spectrum of 
any portion of the sun, whether facula or spot or general 
surface, and thus detect differences, if they exist, in the 
spectra of these different regions. 

This method, of course, during eclipses enables us to 
study spectroscopically the various phenomena surround- 
ing the sun ; and by employing many prisms, we can, to a 
certain extent, continue this study even without an eclipse, 
since the vapours exterior to the photosphere give us bright 
lines which defy dispersion and remain visible as lines after 
we have dispersed into invisibility the ordinary atmospheric 
illumination near the sun’s place. 

This premised, let me state broadly some of the results 
bearing on the nature of the sun’s atmosphere already 
obtained by this method, both during eclipses and at other 
times, connecting them as far as may be with ordinary eye 
and telescopic observations. 

First, generally as to the region above the photosphere 
where variously coloured phenomena*, arc scon during 
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eclipses — a region which has been named the Chromo- chap.xi*. 
sphere on this account, to distinguish it from the white ~ 
photosphere. With the new method employed without ZZ/phiZ 
an eclipse, we find bright. lines of different height in the ' 
spectrum visible all round the sun ; and although the ^righfiiZs. 
spectrum is generally much more simple than we should 
have supposed, I have thus seen hundreds of lines re- 
versed. There is generally no part of the sun’s periphery 
where they are absent ; the heights of the various lines 
observed change very slowly at times in sweeping over 
a long arc, at others rapidly in sweeping over a short 
one, — over a region, in fact, where there is a prominence. 

The shorter lines are generally visible only where the *C 

higher lines are highest, and are most numerous when the 
highest lines are brightest. 

Now, what substances do these lines indicate ? 

The longest lines are due to hydrogen, as proved by Thtku&st 
the fact that they are prolongations of the Fraunhofer 
lines C, F, one near G, and h, in the solar spectrum. The * 
next highest line, one in the orange, corresponds with no 
absorption line in the spectrum, and there can be little 
doubt that it represents a new element. The heights of 
the other lines with corresponding Fraunhofer lines, when 


visible in the same prominence, arc almost invariably in 
the following order : — 

Magnesium or Sodium, highest. 

Nickel or Barium, next below. 

Iron and other lines, shortest. 

But there are other lines thus visible at times, which 
approach the sodium level, and these lines are cither bright 
in the solar spectrum itself, or have no corresponding 
hraunhofer lines. Of this more presently. 

The number of the lines, and their height and brilliancy, 
evidently depend upon some action coming from below, 
from the region of greater heat. 

Now, in eclipses our knowledge is carried further, because 
" c ar c face to face with the phenomena, and no longer 
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chap. xix. have to pierce* the bright atmospheric veil by which these 
, regions are generally hidden. 

Ttokydn* In die first place, the hydrogen lines are no longer 
AJ" li "f s highest, nor are they alii bf equal height ; and in the next, 
the number of lines visible is increased ; both of which 
effects might be expected to follow from the improved 
conditions of observation. 

It is rendered evident, then, by these observations with 
the spectroscope, that we are here dealing with layers due 
tb>^4^nning out of the different vapours: such layers, as 
Mr».;faKratone Stoney has insisted upon and which Pro- 
fessor- Pierce has shown, must exist in a mass of mixed 
vapours, so situated, under the joint action of diffusion and 
gravity. Now this is exactly the evidence furnished to 
our eclipse observers by the telescope. They have recorded 
nearest to the sun’s limb a white region, the many-lined 
layer in the spectroscope, next (going outwards) a yellow 
layer. Here we have lost most of the lines, and have only 
the substance which gives the yellow line associated with 
hydrogen and the unknown exterior substance. Next to 
this, and generally mixed with it in prominences, i.e. dis- 
turbed regions, we have the layer in which, having dropped 
the substance which gives the yellow line, we have only 
hydrogen and the outside substance : this is the red layer. 
Outside this is a violet region, indicating the mixture of 
sub-incandescent hydrogen with the exterior substance; and 
last of all we lose even the relatively cool hydrogen, and 
The outer have one substance giving us one line in the green, and 
infyJ^eu possibly one or two fainter lines in the yellow. The exact 
* hue. extension of these layers above the photosphere has not yet 
been determined. 

It was in reference to these layers that Madler, in sum- 
ming up the results of the eclipse work up to i860, re- 
marked : “ We cannot share the doubts of those who arc 
» afraid to surround the sun with too many envelopes." 

Still, granting all these layers, it is clear from what I 
have stated that neither by the new method of spectrb- 
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scopic observation nor during eclipses do we easily and 
obviously see all the dark Fraunhofer lines reversed ; and 
when they are reversed in great numbers, the tell-tale lines 
indicate that the absorbing vapours which give rise to them 
do not extend to any great height So that, in spite of the 
power which the spectroscope gives us, we do not observe 
all the lines round the sun bright, which we get dark in 
the light coming from his disc. Does not this mean that 
we are not dealing with the whole of the solar atmo- 
sphere? Let us consider this point. First, a difficulty of 
observation may come in the way: the atmosphipc ‘fight 
which we have to deal with in one case, and the asso- 
ciated continuous spectrum in another, may be too strong 
for us ; or, again, it may be that the vapour which gives 
us the majority of the Fraunhofer lines is so limited that 
our instruments are not capable of picking up all that is 
going on. However this may be, the fact remains that we 
do not easily account for all the Fraunhofer lines; and the 
prism tells us that the further we go from the sun the 
less chance have we of finding them, since, when we get 
to the extreme regions of the corona, the spectrum, instead 
of being complicated, is one of extreme simplicity. In fact, 
the chances are that the spectrum of that region only con- 
sists of one faint line, with a glimmer of continuous spectrum. 
Hence, then, we must work nearer the sun in our search 
for the reversal of the outstanding Fraunhofer lines. 

Now, on Kirchhoff’s hypothesis the photosphere is a 
molten sea. If that were so, we should have no atmo- 
sphere below its surface, and the surface would be so level 
that we must find the atmosphere above it, which we do 
not readily. But let us assume that the surface of the 
photosphere is not level ; then there is a possibility in favour 
of some such notion as this — that the photosphere, being 
cloudy or gaseous, has an uneven surface, with faculous 
ridges and domes, interspersed with cavities, which perhaps 
are indicated by what are known to astronomers under the 
name of pores. This I maintain is in harmony with tele- 
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chap.xix. scopic observation ; and if, this be the state of affairs, it may 
be that most of the absorption lines which we get in the 
spectrum, which we cannot account for in the bright lines 
of the spectrum of the regions above the photosphere, may 
be due to the absorption which is going on in these places. 
Tke sAar And here permit me to remind you that the solar spectrum 
sjurtrum is w |th which we are all so familiar is not the spectrum of 

an aivnige . . * 

tjw/mm. any one part of the sun ; it is an average spectrum, — a 
spectrum built up of all the spectra obtained by an exa- 
mination of every point of the sun. 

It ffllst not be imagined that every’ part of the sun 
will give us such a spectrum as this. It does not; and 
here we get great help in the point we are considering. 

What facts, then, have we to guide us in this matter ? 
Let me place before you one or two. 

What is seen when the spectroscope, instead of being 
occupied with the light outside the sun’s limb, is dealing 
with the light on different portions of his disc? — when in 
fact wc are observing the vapours between us and the sun. 
Different Now under these conditions, as they have a hotter sub- 
bektn umr s t ancc behind them, thev act as absorbers of the light ; 
stances whereas when they have no hotter substance behind them, 
! n ', as is the case when we sec them outside the sun’s limb, 
they act as radiators, so that instead of dealing with bright 
lines we arc now dealing with dark qjies. If you place 
the slit of a spectroscope on any part of the sun you 
choose to examine, you will find invariably that in a 
disturbed region you will get, along the whole length of 
the spectrum and parallel to its length, darkish bands of 
more or less intensity and fineness. 

What docs this mean ? It means, first, that there is 
some difference in the general absorption of the light pro- 
ceeding from the portions of the sun of ordinary brilliancy, 
and the darker portions, ft shows that what a spot is to 
the sun in general, so is a pore to each small portion of 
the solar surface. If we were nearer the sun, we should 
probably find that each small portion of the sun’s surface 
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would, in a powerful telescope, give us en petit what we 
now get en grand. These darkish bands running along 
the spectrum arc due to small spots or pores. Where we 
observe a faculous region in the same way, instead of these 
darkish lines wc get, as it were, bands of brightness, some- 
thing very much brighter than the spectrum of the ordi- 
nary photosphere. 

We will now go a step further, so that another difference 
which exists may also come out in its strongest form. Let 
us observe a spot of some considerable dimensions. Here 
the indication of the continuous absorption whtdiNSarkcns 
the spectrum throughout its length is more obvious still. 
I shall be able, I hope, subsequently to show you that this 
is a very valuable indication of particular conditions of this 
region ; but we have now merely to note the phenomena. 
To do this, let us limit our attention to the double line D, 
the two dark lines indicating the lines of absorption due 
to the vapour of sodium. Imagine that on the slit of 
the spectroscope lies the image of the spot : wc see that, 
in addition to the general absorption which is always to 
be found in spots, and which is absent when wc are dealing 
with a spotless portion of the sun, we have a considerable 
thickening of the absorption lines, which, in the case I 
have taken, is due to the vapour of sodium. 

I might have taken other parts of the spectrum, con- 
taining the iron and calcium lines, and the same pheno- 
menon would have been observed. Here, then, we have 
this chain of facts : — 

(a) The spectrum of a facula is brighter than the spec- 
trum of the ordinary solar surface. 

(b) Hence the ordinary solar spectrum has undergone a 
general absorption. 

(<’) The general absorption increases gradually and con- 
tinuously as the prism analyses the light of a spot with 
shelving sides, until it is greatest in the spectrum ol the 
umbra. 

('0 These variations in the general absorption are accom- 
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cHAP.xiix. panied by variations in the selective absolution, the thick- 
ness of the lines varying continuously with the amount of 
general absorption. r 

Tht denser (e) In the chromosphere observed at the limb we do not 

™n*as!f 0 l> enera My see t ^ ie q P ectra ' lines of the denser vapours. . In 
mU visibly observations of spots, on the contrary, the indications of 
tkeeAr*. mo- * ncrease< ^ selective absorption are ^generally limited to 
sphere, these vapours. „ 

Now, it is not necessary for me to establish that spots 
are below the ordinary level of the @|n§ral surface of the 
sun : I shall take this for granted. What then follows from 
the chain of facts which I have ventured to bring before 
you ? This, namely, that the vast atmosphere to which 
Xewton referred, and about which we are now inquiring, 
'i must certainly not rest on the surface of any such thing 

as a liquid sea, as Kirchhoff proposed, but is carried down 
continuously by these new' researches to the bottom of the 
deepest spot. We do not know' how deep these spots are, 
but .it is clear that we must have a considerable atmo- 
sphere to deal with below the upper level of the photo- 
sphere. Hence the photosphere must be a something • 
suspended in that atmosphere — a conclusion, I hold, which 
is drawn equally from telescopic observations. 

Let me refer to these observations. One of the most 
admirable drawings of a sun-spot we owe to Father Secchi, 
of Rome. Thus gives us the best idea of a spot as seen 
in a telescope. The story told is of stupendous forces 
at work in a material which answers readily to those 
forces ; and a cloudy structure is probably the one which 
could best give us a result anything like that observed. 

Mr. Rutherfurd’s exquisite photographs of a series of 
changes in the same spot give us a like result, with the 
advantage that this is a story told by the sun himself. 
In these photographs we see the same spot enlarging and 
changing from day to day as it passes over the sun. Now' 
it has become double, and again it appears to be breaking 
up altogether; always giving evidence of the most tie- 
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mendous convulsions in the photospheric region. There- chap.xix. 
fore, in addition to the spectroscopic evidence, we have the 
actual evidence of the appearance, under a high telescopic The 
power, of changes which can hardly go on except in a 
material mobile to a gieat degree. Still, enormous as the yectro. 
these changes are, I shall show you that they are as 
nothing compared the changes that go on in the 

.higher regions of tbj|*atmosphere — the regions above the 
photospheric layer. 

Let me give at$>, instance, and refer to two drawings of 
the same prominence, made at an interval of ten minutes. 

When I tell you the size of the prominence, and the time ' 
the change took to register itself, it will be obvious to you 
that we are dealing with a region still more capable of 
re-echoing to the slightest force. The prominence to which 
1 refer was 40,000 miles high. In the interval of ten 
minutes the forces at work were such, that at the expiration 
of that time scarcely a trace of its original structure was 
left. Even these changes are not the greatest that I might 
refer to among my own observations, and, indeed, those 
of others ; for, fortunately, spectroscopes are getting more 
common than they were, and observers in all lands are 
getting rich harvests of facts, and among them abundant 
evidence of the point I am now enforcing — namely, that 
the motions are most rapid and the changes most intense 
in those parts of the atmosphere where its constitution is 
simplest: in the photosphere we have marked changes from 
day to day; in the chromosphere from hour to hour — I 
had almost said from minute to minute. 

As we descend the atmosphere, then, we find the number 
of its constituent materials to increase, the general absorp- 
tion to become more apparent, the lines to thicken, and the 
action to be less rapid. 

further, we find the most perfect continuity wherever it 
is possible to observe it. Hence we are justified in con- 
cluding from the evidence of the chromosphere a complete 
continuity of the solar atmosphere from that portion of it 
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cum*, six. suffeiuiding the sun, which gives us thin bright lines, down 
~ to lowest, depth °f die s P° ts » where the *§me lines are 
o&&rved to be inordinately thickened. * 

brings me to the end of what I have to say on this 
subject — a part of it ftill of hope; for if we 
Tt - study study the spectra of all spots., as dually as the spectrum 
fJfaHif* die K encra l surface of the’^&v^tS been studied, if we 
» look out for the deepest spot&£$$&' If. it should so happen. 

as wc have already grounds fm sfljfiposing, that at a parti- 
cular point in the sun-spot perjo^ the spots are deeper than 
they are at other times, and if we arc careful to work most 
(diligently, then we shall be able to carry our records of tin- 
solar atmosphere very much lower, and discover lines which 
are not included in our observations up to the present time. 

We may already guess in what direction discovery will 
lead us. Dealing with known elements, we have outside 
all invariably hydrogen ; then, next, a layer of magnesium 
and sodium ; lower still, of iron, calcium, and so on. If 
we take these facts in connection with the other one, that 
we have not the heaviest metals writing their record in the 
solar spectrum, may it not be that the reason is that the 
vapours of those metals are so far beneath their lighter 
brethren that they are never thrown above the photosphere 
by which the spectrum is reversed ? 


Newton, in his Query, suggests not only " vapours," but 
“exhalations." Of the vapours we have already heard 
something ; the lines in the solar spectrum are the result ot 
the existence of them, but what do we know about these 
exhalations, in which term we get a dynamic notion intro- 
duced ? Do they exist ? and if so, is the exhalation gentle 
like the upsoaring of our own clouds, or fierce and terrible, 
as we might easily imagine i$ to be in such a surrounding ■ 
How runs the record on this point ? 

We have two methods of determining this. We can 
first establish whether the prominences as seen on the limb 
soar upwards, and, if so, with what velocity. 
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But I venture to think there is a little doubt conjfelled chap. xix. 
with this membd of grappling with the subject, f I question € 
whether We have here the best way of* determining 4ke i£atHh y 
presence and movements of the exhalations, ,bd§ we Egvjj a chm#- 
a very undoubted on«$0hich 1 need not ddrtloh^ttate^fia ,H ftn P of 
this Senate House, wh^.4|piiends upon this consideration : *p«etr*i 
if we have any of the Vj|p$}8is on the sun moving with a 
velocity comparable wit^tft^ ^velocity of light, the selective * 
radiation and absorption of those vapours will indicate the 
motion. In other words :^-their absorption and radiation 
when in motion will not be the same as their absorption 
and radiation when in a condition of rest. 

The spectroscope has enabled us to come' to the facts 
in all these cases; but in order to bring them entirely satis- 
factorily to your notice, it will be necessary to say a few 
words about the language in which the records are written. 

Such changes of wave-length give rise to what, in the 
case of the prominences, I have called motion-forms. 

Those are not the forms of the prominences themselves 
which we have on the slit, but forms due to the changes of 
refrangibility, which deflect the bright or dark line under 
examination now towards the violet, now towards the red, 
and now towards both: both on and off the sun they shiver 
the perfect image of a perfect slit, now into hard crooked 
lines, and again into most delicate films. 

It is clear that when such observations as these are made 
at the sun’s edge, we are not dealing with Newton’s exha- 
lations, because any motion on the edge of the sun must ■■ 
be a sort of wind-motion on the sun. But the same facts 
are to be gathered from the centre of the sun itself, where limb. 
of course any change of wave-length must be due to 
motion in the direction of the line of sight, and must 
therefore be an indication of*an up or down rush. Now 
on the sun we have this further evidence in our favour, 
that almost invariably when the line due to any' vapour is 
deflected towards the violet, that vapour no longer play's 
the part of an absorber ; it radiates and appears bright, 

Y 2 





CHAP* XIX* 


of a>t tip* 
rush on the 

i <>/ 

the disc , 


SO/.AJf PHYSICS. 

* 

gpmd generally somewhere in each region of disturbance we 
get the.hydfogen lines bearing.on them somewhere near the 
bright region, what I have called a lozenge . These lozenges 
are in fact generally in connection with the root of a pro- 
minence seen upon the sun. As a rule, when we get the 
bright line indication of an Jjpnph, we get an absorption 
line by the side of it, often move® towards the red, which 
shows that we have relatively cooler hydrogen descending 
from above the disturbed part, but at times the index line 
in many cases disappears altogether; that is, we have no 
longer relatively cooler hydrogen — the whole of the super- 
incumbent hydrogen has been heated to the same tempera- 
ture as that'fcf the newly-ejected material, which is as hot 
or at times hotter than the photosphere. This being so, 
we have stilt another argument for the continuity of the 
solar atmosphere to the regions below the niveau of the 
photosphere, where we must look for Newton’s dense 
atmosphere, and not above it, and here is proof also that 
the deeper we go the hotter we get. 

There is still another point to which I should like to call 
attention for a moment. We often find something very 
like the lozenge again in connection with small spots; and 
I would also call attention to the disappearance of the 
hydrogen dark lines, in connection with its appearance, and 
the way in which in small spots we get the hotter hydrogen 
rising up. 

Again, we may get this lozenge associated with a com- 
plete brightening of the hydrogen near it, which remains 
at rest, which is proved by the fact that the neighbouring 
portion of the absorption line more or less suddenly brightens 
without changing its wave-length. Here we" have a sporadic 
welling-upof hydrogen and other substances, giving us their 
lines bright in the spectrum 1 , and lines constantly bright in 
the spectrum are probably due to a constant welling-up of 
other, as yet unknown, materials. 

I claim to have shown that Newton, when he spoke of 
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the condensation of vapours, the presence of exhalations,, 
and the vast weight of the atmosphere, was utterly right, 
so far as modern science can endorse his opinion. 

I must now come to another part of my subject, slightly 
different from what has occupied our attention hitherto. 
1 refer now to the work done in the laboratory and not in 
the observatory ; and I trust you will admit that the future 
study of the physics of the sun will be the combined work 
of the astronomer, the physicist, and the chemist. 

The different lines we see in our instruments when we 
examine the solar prominences are not all alike. Some 
of the lines vary very much from the appearance of the 
C line of hydrogen for instance. In fact, qi one line, the 
F line, we get a trumpet-shaped appearance. The line 
widens as it approaches the sun, so that it resembles an 
arrow-head, resting on the thin absorption line which forms 
the shaft. This is not only true of the hydrogen lines, but 
of the line% due to the injection of other substances into 
the chromosphere. 

Now, the question is how to determine experimentally to 
what this widening of the F line is due ? 

After Kirchhoff’s announcement of spectrum analysis, 
one of the great points connected with it was that the 
spectrum for each substance was absolutely distinct, and it 
was generally regarded as invariable, so that — given the 
spectrum — you could make no mistake whatever about 
the element, the vapour or the gas which gave oflf this 
spectrum. 

We have, however, got further than this now, and we 
may say that certain conditions of each substance give us 
certain spectra. So that it may be said that spectrum 
analysis is competent not only to indicate the substance, 
but-also somewhat of the physical conditions in which that 
substance is existing at the time it is giving us its spectrum. 

Flucker and HittorfF were the first to give us an idea of 
this extension ; they held that for certain gases and vapours 
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which they examined there was a spectrum of the first 
order, a spectrum of the second order, and so on ; but the 
cause of these various spectra was not stated with any 
certainty. 

I have been fortunate enough to be associated with Dr. 
Frankland in a continuation of the work of IMucker and 
HittortT; and in connection with the mere astronomical 
results to which I have referred, we, as a result of a three 
years' inquiry, have come to the conclusion that there is 
a definite reason for certain changes in spectra ; and that 
these changes are not due to temperature per se, but to 
pressure. We find, tor instance, that by increasing the 
pressure, say of hydrogen, we thicken out the lines, and 
especially the F line, exactly as it is thickened out in the 
lower region of the chromosphere, 

A Sprengel pump and induction coil enable us easily to 
recognize the wonderful changes in the colour of hydrogen 
as its pressure is varied, and the addition of a small spec- 
troscope shows us the wonderful changes in the thicken- 
ing of the different lines which accompany these changing 
colours. Since by varying the pressure of hydrogen we 
can thus vary the thickness of the lines, it is possible to 
observe . the spectrum of hydrogen in .a tube, and to place 
tite spectrum we get from the hydrogen in the sun, side by 
side with the spectrum we obtain from the hydrogen in the 
tube. We can vary the pressure of the hydrogen in the 
tube, so that its spectrum exactly fits, so to speak, the 
spectrum of the hydrogen in the sun ; and hence we are 
enabled to determine the pressure of the hydrogen at the 
sun. And this, no doubt, will some day be done; but the 
thing is not quite so easy as this. There are more elements 
than hydrogen in that part of the sun which so conve- 
niently gives us these bright lines ; and we have in all 
questions of pressure not only to take into account the 
actual pressure of the hydrogen, but the combined pressure, 
so to speak, of all the vapours which exist in that stratum: 
and so wc have a very great inquiry before us before a 
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more approximate estimate of the preisure can be definitely 
.stated than the one' we have already given. 

We can easily establish the extreme tenuity of the 
atmosphere in the upper regions of the sun’s atmosphere, 
which are visible to us in eclipses, by such an experiment 
as the following one: — I have in this globe some hydrogen, 
extremely attenuated, though perhaps not so attenuated as 
the hydrogen in the confines of the sun’s atmosphere, but 
it so nearly approaches it, that when \v$ examine the light 
produced by the passage of a spark by means of the spec- 
troscope, we see exactly the same hydrogen spectrum that 
eclipse observers tell us they get from the exterior portion 
of the sun's atmosphere. Most of you arc under the im- 
pression that hydrogen is a red gas. The prominences of 
the sun are red, and built up of hydrogen ; but the hydrogen 
in this globe is not red at all, it is green. 

By such methods as these, — by determining first of all 
the conditions which change the lines from thick into thin, 
or thin into thick — then noting the exact thickness of the 
lines we wish to match — then changing our pressure and 
fitting it as well as may be so as to represent the same 
phenomena artificially, — we introduce a new method of 
inquiry into solar physics of the most tremendous power. 

Let me take another instance. By sealing a piece of 
sodium in a tube with a rare atmosphere of hydrogen, 
and heating the sodium so as to fill the tube with layers 
of sodium vapour, which are denser and denser as we 
approach the source of the vapour. Dr. Frankland and 
myself have shown that when we allow a beam of light 
to traverse the tube, the absorption of the sodium vapour 
depends upon the density we choose to give to it. and that 
the thickness of the absorption line varies with the density 
of the vapour. In fact, we can thus artificially reproduce 
the exact thickness observed in the D lines, when they are 
thinnest in a high prominence and thickest in a deep spot. 

Here again, I think, you will agree that we have abundant 
proof of the continuity of the solar atmosphere. 
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chap, xix. The sun, in fact, hhs not only taught us how to attack 
him in this way, but in these experiments we have fore- 
shadowed a new science altogether, a Quantitative Sfec- 
irum Analysis. 

analysis. A reference to another experiment will make this more 
clear. When the vapour of magnesium is injected into 
the prominences, we get the well-known triple line b, 
showing us three bright lines beyond the sun’s limb. But 
the lines are not of equal height. I explained it in this 
way. While in the case of the F 'line reduced pressure 
thins the line, in the case of b reduced pressure not only 
thins all the lines, but abstracts one of them from the 
spectrum altogether. To test this explanation Dr. Frank- 
land and myself prepared a tube in which the electrodes 
were composed of magnesium, and we observed the spec- 
trum of the magnesium vapour between the poles while 
the pressure of the hydrogen in the tube was gradually 
reduced. Judge of our delight when we found that after 
a little time the third line began to disappear ; and that 
when the pressure was still further reduced, the line vanished 
entirely. 

This at once explained what I had seen on the sun, but 
this was not all. Knowing that both in the chromosphere 
and in our experimental tube the magnesium vapour was 
associated with hydrogen, it was an interesting inquiry to 
see how the spark would behave when taken in air without 
the intervention of any tube. 

By means of a new method of experimentation in which 
the spark was treated as the sun, and made to throw its 
image on the slit, the appearances observed on the sun 
were reproduced exactly by the spark. The nearly pure 
magnesium vapour close to the pole gave us the three 
lines, while further away, when the vapour was mixed with 
air, we got the spectrum due to reduced pressure ; in fact, 
the reduced quantity of the vapour, so to speak, gave 
the same effect as the reduced pressure in the other 
experiment. 



THE ATMOSPHERE OF THE SUN. 

It is easy to show also that with increased pressure 
comes such an increased brilliancy as we get in the sun, 
where going inwards we have first the faint corona, then 
the hydrogen layers visible only in an eclipse, then those 
observed every day by the new method, and last of all the 
photosphere itself. 

Here is a simple experiment bearing on this point : I 
have in this tube some hydrogen at a very low pressure, 
and at the bottom of it some mercury. So long as the 
mercury is cool the spark passes through nearly pure 
hydrogen, and the tube is lighted up with only a faint 
glimmer, the equivalent of the auroral discharge. Hut if, 
instead of having our mercury vapour almost absent from 
the tube, in consequence of the low temperature of the 
liquid supply at bottom, we drive this liquid mercury at 
the bottom of the tube into a state of vapour, we find that 
we not only change the colour of the discharge in the lower 
regions of the tube, but imitate what we get on the sun 
itself. As the discharge passes through the denser layers, 
and renders them incandescent as they are at the sun, the 
brilliancy increases enormously as the source of the vapour 
is approached, and in each stratum of different density 
of the mixed gas and vapour in the tube we have the same 
increase of brightness as we observe in the similar strata 
of the sun’s atmosphere. 

Although the laboratory work to which I have alluded 
is necessarily of such a kind that the fact that the changes 
to which I have referred are due to pressure and not to 
temperature may be considered by some to be still open, 
I think that a phenomenon of not unfrequent occurrence 
which presents to us a bright line prominence on the sun’s 
disc flitting high over a spot, the bright lines of sodium 
in the prominence being thin, and the dark lines in the spot 
immoderately thick, may be accepted as final, for we must 
assume that the prominence is hotter than the spot which lies 
beyond it, or otherwise its lines should not be bright, and 
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cmai'.xix. this being so, it cannot be an increase of temperature 
solely which thickens the lines. 

nii a If, then, we get these indications, namely, the thickening 
/Iv’/y the lines, the increased brilliancy of the different layers 
lutfHirv. and of the different vapours, vapours observed both here 
and on the sun ; if we get all these changes reproduced 
in our laboratories, and can get at the causes of them, 
it is not too much to hope that if such work be assidu- 
ously and continuously carried on, in course of time we 
shall arrive, spectroscopically, at a profound insight into 
the nature of solar phenomena, while at the same time 
the spectroscope has added an enormous new field of 
observation in the possibility it has afforded us of daily 
chronicling the positions, dimensions, and materials of the 
prominences, which are at once the most beautiful and 
most delicate indications of the forces at work in mu- 
central luminary And I need not stop to point out that 
our central luminary is not alone in question. All the 
knowledge we can ever hope to gain of the physical 
constitution of those distant orbs, which illuminate what 
are to us the distant realms of space, must be got by a 
study of solar physics. The beautiful researches of Car- 
rington, De la Rue, Stewart, and Loewy, have established 
that our sun is a variable star. Among the work to be 
done now is the grouping of the stars into classes, taking 
the spectra of a facula, of the general surface of the sun, 
and of a spot as the types. 

, We, in fact, are now witnessing the birth of a new 
science, the cultivation of which seems capable of widening 
the horizon of our knowledge in a way wc could scarcely 
have dared to hope for. But it is a science which requires 
costly apparatus and appliances above the means of most 
individuals, and a continuity of thoroughly organized work- 
extending over centuries, which we can never hope for as 
the result of private enterprise. 

May we expect the State of this enlightened country 
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to foster such a work as this? Our Government, although chakxix. 
its motto is ex luce tucellum, will probably decline, though 
1 feel certain it is a work which other Governments will 
take up ; we are driven then to our great corporate 
bodies, and among them especially to our ancient 
Universities, as almost our only hope in our own land, 
until the time comes when the true and best duties of 
a Government are known. 

And why should not Cambridge take up the work which 
now' languishes for want of help ? Surely, in doing so, she 
would only be following up her ancient precedents, would 
be in entire sympathy with her past. 

I do not dare to make a more urgent appeal, but I do 
venture to express a hope, that when some one, perhaps in 
the long future, and in this Senate House, tells a succeed- 
int: generation how the manv secrets of the sun have 
been read, he shall be able to refer to a physical observa- 
tory at Cambridge, as l to-day have referred to New ton's 
prism. 
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THE ENGLISH ECLIPSE EXPEDITION, 1871. 


I. — Preliminary. 


As will be seen from the accompanying map, the central 
line of this eclipse of the sun in 1871 first met the 
earth's surface in the Arabian Sea, and, entering on the 
western coast of Hindustan, passed right across one of the 
most important parts of that country in a S.E. by E. direc- 
tion. In this part of the peninsula, the sun was about 20* 
above the horizon when totally obscured. The duration 
of tota ity was two minutes and a quarter, and the breadth 
of the shadow about seventy miles. On leaving the 
eastern coast of the Madras Presidency, the central line 
crossed Palk’s Straits, passing about ten miles S.VV. of the 
island Jaffhapatan, and over the northern part of Ceylon, 
where the small towns of Moeletivae and Kokeley lay 
near the central line, and the well-known naval station 
of Trincomalec, about fifteen miles to the S.VV. Con- 
tinuing its course over the Bay of Bengal, the shadow 
crossed the S,E. point of Sumatra, and touched the south- 
western coast of Java, where Batavia, the capital, was 
nearly sixty miles N.E. of the central line ; and two other 
smaller towns, Chidamur and Nagara, were also very 
near the middle of the shadow path. In the Admiralty 
Gulf, on the N.VV, coast of Australia, the eclipsed sun 
was only ten degrees past the meridian, and not far from 
the zenith : in consequence of which the totality lasted 





SO/..-! A 1 PH YSfCS. 


SU 

CHAP. XX 


/ / V: ii&?r 


fb'.'.x 

//7Av'^/r . 


• four minutes eighteen seconds, or only four seconds less 
than the time of greatest duration. Lastly, passing 
through the most barren and uninhabited portion of 
Australia, and crossing the Gulf of Carpentaria ami the 
York Peninsula, the shadow ultimately left the earth's 
surface in the Pacific Ocean. 

At the outset not too much was known about the chances 
of weather at any place ; but what was known seemed to 
point to a fair chance of success in both India and Ceylon, 
as the eclipse occurred during the monsoon, but in any 
case the experience of the last expedition showed that 
for such a momentary phenomenon these chances need 
not be taken too seriously into consideration, seeing that 
then where the finest weather was predicted a terrible 
pall of cloud covered the sky. 

Before I proceed to give the results of this expedition, 
it is necessary that I should state as briefly as possible 
how it came to be undertaken, and the plan of operations 
proposed. 

In 1871 I was on the Council of the Royal Astronomical 
Society, and I naturally expected that, that body would 
take some steps in the matter ; feeling at the same time 
that as I was perhaps the youngest member of it, the 
proposal to take these steps should not come from me 
When I found, however, that all the business at the last 
available meeting (that in June) had been concluded, I 
hesitated no longer, and brought forward a motion on 
the subject. 

A committee was appointed, and I was invited to take 
charge of a spectroscopic expedition. This offer I declined, 
as I was strongly of opinion that the camera was as 
important an aid as the spectroscope, and I was con- 
vinced that a stronger party than the one proposed by 
the Astronomical Society was essential, I therefore drew 
the attention of the Royal Society to the importance of 
utilizing the coming eclipse. I give the following extract 
from the communication I addressed to that body 
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<• in my opinion the fundamental points of attack are: ciiAr. xx, 
“ a. Spectroscopic observations made with stich an “ 
instrument as the one I took out to Sicily, equatorially f etUr to 
mounted, and with reference spectra. 

“ft, Photographic observations made with such an ' ° aty ' 
instrument as the one I took out to Sicily ; namely, a 
camera with large aperture and small focal length, 
equatorial/}' mounted. 

“ Perhaps I may clear the ground by stating what, in 
my opinion, is comparatively UNIMPORTANT, so far as the 
crucial points are concerned, though to be tolerated if the 
crucial points are strongly taken up. 

“a. Photographing prominences. 

“ ft. Sketching anything but the changes in the 
corona. 


“7. Polariscopic observations. 

“ 8 . Observing Baily’s Beads. 

"There should be one instrument, and Mr. Pogson could 
probably provide this in India, to determine the position 
of prominences before and after totality. During totality 
they should not he observed at all except incidentally. 

"At each place (i.e. India, Ceylon. Australia) the spec- 
troscopes should be employed for half an hour (to be on 
the safe side) before totality, in scrutinizing the crescent 
at its narrowest place and the chromosphere outside the 
following limb of the moon. 

" At each place, as before defined, there should be a 
spectroscope with a finder, and equatorial motion (or some 
equivalent arrangement) directed to the sun’s centre, to 
record any changes which take place in the spectrum from, 
say, half an hour before to half an hour after totality, 
and during totality, bien euleudu. The relative darkness 
or brightness of the lines should be recorded every ten 
seconds. 


‘This spectroscope should have moderate dispersion, 
•arge object-glasses for collimator and telescope, and with 
focal length such that two or three degrees round the sun 
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chap, xx should be taken in (t>. »“ or from the sun’s centre), 
and a large field. ' * 

“To come to the details of the expedition to Ceylon; 
I am of opinion that it need not exceed the following 
numbers, as my Sicilian experience has taught me that 
we may' depend upon much valuable help from the officers 
at the place of observation : — > 

“ 1 Telescope-Spectroscopic observer ; 2 assistants. 

“ 1 Photographer ; 2 assistants. This duty perhaps 
may be entrusted to skilled Sappers. 

“ 1 Spectroscopic observer ; 1 assistant, or 8 in 
all. 

“ Among general observations, I would point out as 
being of extreme importance : — 

“a. Ray's before, during, and after totality' — their 
length, direction, and colour. 

“ $. Colours of the various layers of chromosphere, 
and of clouds and landscape. The order of these 
colours is of great importance. 

“ 7. Dark rays or rifts ; whether they' change, an<l 
whether they extend to the dark moon, or stop short 
above the denser lay'ers of the chromosphere. 

“5. The colours of the corona between bright or 
dark rays. 

M e. All changes in corona. 

“ £ Comparative brightness of rays and chromo- 
sphere and outer corona.” 

Action of The Council of the Royal Society at once took energetic 

SoHety. action; instruments were sent off to Australia, and all 
promised well, when owing to events which I tfeed not 
further particularize the efforts of the two learned bodies 
entirely collapsed. Public attention, however, had been 
called to the importance of an expedition, and the with- 
drawal of the Astronomical Society from all participa- 
tion exercised no prejudicial influence whatever, for at 
the meeting of the British Association at Edinburgh, the 
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President, Sir VViliiam Thomson, in his opening address, 
after referring to the recent sun work, went on to say 
“During six or eight precious minutes of time, spectro- 
scopes have been applied to the so&r atmosphere and to 
the corona seen round the dark disc of the moon eclipsing 
the sun. Some of the wonderful results of such obser- 
vations, made in India on the occasion of the eclipse 
of August 1868, were described by Professor Stokes in a 
previous address. Valuable results have, through the 
liberal assistance given by the British and American 
Governments, been obtained also from the total eclipse of 
last December, notwithstanding a generally unfavourable 
condition of weather. It seems to have been proved that 
at least some sensible part of the light of the ‘corona’ 
is a terrestrial atmospheric halo or dispersive reflectkw*of 
the glowing hydrogen and ‘helium’ round the sun. 1 
believe I may say on the present occasion, what prepara- 
tion must again be made to utilize a Total Eclipse of the suKk, 
that the British Association confidently trusts to our 
meat exercising the same wise liberality as heretofore hi the 
interests of science .” 

This expression of opinion was at once followed up : 
at, a general meeting of the Association it was resolved to 
ask for a sum of 2,000/. in aid of the proposed expedition. 
This was granted the day after the application was made. 

A committee was at once appointed. Instructions were 
prepared and a communication addressed to the Directors 
of the Peninsular and Oriental Steam Navigation Com- 
pany, who entered so warmly into the scheme that the 
reduced terms they offered amounted really to a mag- 
nificent private endowment of so liberal a nature that the 
Committee resolved that the Expedition should consist 
of twelve persons. Invitations were accordingly sent to 
Janssen, Young, Angstrom, Zollner, Respighi, and Peters, 
among foreign men of science, and to a large number in 
tlie three kingdoms who were known to be interested in 
or spectroscopic research, begging them to take part 
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: «uf. in the work. Many of tfcfose thus addressed were unable 
ta devote the time necessary for the long journey ; but 
eventually a party, tlie names of which will be detailed 
farther oil,, sailed on the a6th of October, in the Afirsafiorc. 

While these arrangemcnls were going on in England, 
the Government by meansQf the telegraph communicated 
with the Indian and Ceylon authorities in order that the 
Expedition on reaching Pont de Gallo might be forwarded 
without delay to the observing stations in the north of 
Ceylon, and some points not finally determined upon on 
the mainland of India, — an addition to the original pro- 
gramme brought about by a complete discussion of the 
weather conditions by the Committee. 
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Continued 

»• 

1 1. — Tuk Hr kit. Tarty. , : 

Foim NATRLY for the Expedition, General Selby, wHb c%i>. xxi. 
takes great interest in science, who is an admirable artist, 
and who had observed the Eclipse of had already 

thrown the whole weight of his position into the artaffge* 
meats, and sent tents to Bekub lie now offered guards 
for the various parties, stated his intention to issue an 
order calling for volunteers among the officers at Canna- 
nore and Mangalore, and expressed his intention of coming 
to Bekul himself to take part in the work. The light- 
heartedness, therefore, with which the remaining four of the 
Expedition — Dr. Thomson, Captain Maclcar, Mr. Davis, 
and myself— saw the anchor come out of the turbid water 
and steam got up for the last final run 1 into the jungle, 
may be imagined. Bekul had been a mystery ; nobody 
knew anything about Bekul; the word was printed re- 
markably small on most maps : what was it like ? Trinco- 
malee was a naval station ; Jaffna a large and important 
town ; Poodfocottah the residence of a Rajah ; Manan- 
toddy the head-quarters of all kinds of new industries, 

1 We were in the flag ship, H.M.2& Gfas&w, to the captain of 
Taptain Jones — the Expedition can never express sufficient 
.sMtitucle. T he final run here referred to was front Can na acre. 

7 . 2 
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dtmchona, coffee, teak, and the like, with any number of 
English, and a club to boot ; but Bekul ! We should at 
all events be looked (after. 

No wonder the good ship Glasgow would have steamed 
right past the place if Mr. Lewis M'lvor, the indefatigable 
Assistant Collector, and. Mr. Pringle, the representative of 
the Public Works Department, who had been sent to meet 
us, had not been on the look-out, and come off in a small 
boat, waving a large flag, so energetically that the ship’s 
head was turned slightly towards the shore, and then, 
as the men in tiie chains gradually got their song down 
to "Quarter less six,” we saw a ruined fort, with crowds of 
natives, and a solitary house among the cocoa-nut trees. 

Tjlis 'was Bekul. The natives were not natives of the 
place— for, practically speaking, there was no place- but 
men’ who had come many miles to see the great fireship 
that was to bring the astrologers, and they were now 
fearing their great eyes with the unaccustomed sight. 
Thfyre* was more excitement for them to follow. When 
Mr/ M‘lv >r had made all arrangements for landing in 
the morning, he went ashore, and, as a measure of pre- 
caution, ordered the fire which had been lit to mark his 
landing-place to be kept in. In doing this the stin- 
' scorched grass in the vicinity was soon ablaze, and 
looked so like an illumination in honour of the ship’s 
arrival that a blue light was burnt, a rocket sent up, 
and a gun fired, to the intense delight of the natives, 
who fully appreciated the impromptu illumination. 

In the morning, on landing, which was a most ticklish 
operation in the surf, work began in earnest with the rising 
sun. 'The spots chosen by Mr. M’lvor for the tempo- 
rary observatories for the telescopes — in Old Tippoo's tort, 
which commanded the whole horizon, and a vacant space 
near for the photographic work — were inspected and 
found so satisfactory that the instruments immediately 
on landing were taken there, unpacked, and before long 
were approximately in their positions. While this was 
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£oin<? on the Glasgow went to prize firing, an opera- 
tion which had been delayed while the Expedition were 
on board, for fear of damaging instruments and break- 
ing object-glasses. This tremendous proceeding on the 
part of the ship, and the wonderful similitude of the 
telescopes to the native idea of a big gun, soon wrought 
a wonderful change in the ideas *>f the dwellers along 
the coast. The Eclipse was a pretence. There was 
war! If otherwise, why the firing with shot ? Why 
occupy the fort ? Why erect big guns in the most com- 
manding place in its, to them, vast extent ? Why these 
soldiers from Cannanore? Instant action! All high- 
caste women and all gold into the interior; men still to 
watch the action of the “gods,” and if possible probe their 
motives and intentions to the very bottom. Of course the 
only way of meeting this rumour, which might have proved 
very unfortunate to us, was to allow everybody free access 
to the observatories. When the natives found that the 
big guns were made of very thin metal, and that the 
biggest of them when looked boldly into showed merely 
the face of the inspector considerably enlarged, all fear 
passed away, and probably the women were recalled, but 
on this point 1 have no certain knowledge. 

After the inspection of the fort the party marched down 
to the encampment about half a mile to the north and along 
the shore in a shady nook. In the centre was the little 
bungalow long disused, but now done up for the occasion ; 
round it — leaving, however, the sea-view open — were ar- 
ranged the tents. The Collector of South Canara (Mr. 
A. M‘C. Webster) and his able assistant (Mr. M'lvor) had 
made every possible arrangement ; and when I say that 
this included necessarily the bringing of our bread some 
forty miles every othef day or so, some idea of what had 
to be done may be gathered. Few seemed to know the 
capabilities of the place in the local production of those 
articles, such as cheetahs, snakes, &c., for which India is 
so celebrated. Trying to sleep, therefore, in a hammock 
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CHAP. XXI. in the bungalow, with all doors and windows opened, as 
is the custom here, with rare and curious insects and creep- 
ing things evidently all round, the trees and jungle alive 
with sounds of all pitches and a good many amplitudes, 
is not always a successful operation for the beginner, hut 
he learns apace. The long pent-up howl of the jackal ii> 
the morning soon becomes familiar ; scorpions are looked 
upon as mere nuisances ; and so on. As it was, only one 
alligator. One snake, and one scorpion made their appear- 
ance while we were at Bekul. The first and second grace- 
fully withdrew, the latter was safely bottled, 
j u T-et me now say a word about our work in the camp. All 

rose at 4.30 or thereabouts, then tea and a walk to tin- 
observatories to work before the heat of the day began. 
By nine we all had had quite enough, and, indeed, some of 
the party got fever for a day or so by exceeding this limit. 
Then home, a bath and breakfast, a rest and then tiffin. 
After this, observatory again from about four till eight for 
adjustments. Then back to the camp for dinner and rest. 
By keeping strictly to this programme, the instrument- 
were all ready at the critical moment, though, owing to 
the necessity of making each instrument do double duty. 
• the adjustments were not absolutely perfect. Adjusting 
a telescope against time, at home, is no easy work ; but in 
the jungle, with two telescopes on eacli stand, a minimum 
of tools, and no labour .specially skilled in this work, 
though any amount of willing help — Mr. Pringle and bis 
assistant, Mr. Fernandez, being a host in themselves — it 
was a work of tremendous difficulty. 

Now for the eclipse. In spite of the warnings against 
the West coast, the weather was magnificent up to the 
evening before the long-prepared -A>r event, when clouds 
came on, and the dinner-party in the bungalow— *whicli 
now numbered some twenty people, General Selby and his 
Brigade-Major, Colonel Farewell, Judge Walhouse, Capt. 
Christie the Superintendent of Police, and others having 
joined the camp - was slightly uneasy! On rising at 4 ,P> 
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on the memorable day, however, it was found that the chap.xxi. 
clouds had all disappeared during the night, with the 
exception of a low bank to seaward which did not alarm 
us ; so the whole party repaired to the observatories in 
the best of spirits. 

I must content myself with describing what went on in 
the fort. Imagine a round, rough, embattled platform, 
some thirty or thirty-five feet in diameter, with two large 
telescopes placed nearly in the middle, pointing to the 
rising sun. At one of them, a large 9! reflector, was 
stationed myself ; at the other Captain Maclcar aftd Mr. 

Pringle. Close to the reflector is a table with some in- 
struments upon it, at which are sitting two persons — one 
Captain Bailey, who is to tell how the time is going on ; 
the other a native employed in the Collector’s office, to 
take down anything that is said, his paper being carefully 
marked, so that the place of his record denotes the time 
of the observation. By the table is standing Mr. M'lvor, 
whose duty it was to assist me in opening the slit of the 
spectroscope, if that should be required, and the like. 

Mr. Fernandez is there, too, to watch the clock, and dis- 
connect the telescope from it at the right moment. Captain 
Christie is acting as amanuensis for Captain Maclear. In 
the other corner, at tables, are General Selby, Colonel 
Farewell, and Judge Walhouse, with cards and telescopes 
before them, ready to sketch the corona. This is the 
attacking party, and there are police to keep out intruders. 

As the first contact took place at Bekul a few' minutes First 
after sunrise, when the image of the sun was unsteady, 
the exact time could not be noted, but that was a small 
matter. Slowly the eclipse crept on ; swarms of small 
Rajahs, squires, and natives of all sorts and conditions, 
rapidly coming up in their mamJhiels, and taking up their 
position round the fort, which they are not permitted to 
enter. 

There is strict silence in the fort, and the work of re- AV4.*< 
cording the comparatively unimportant phenomena visible 


The 

obsenu)^ 

party. 
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chav. \\t. in telescope, spectroscope, and polariscope, before totality, 
• g QCS on jj| cc clockwork; but it is very different below. The 

natives see in the eclipse their favourite god devoured by 
the monster Kahoo, and they, like the observers, are not 
there for nothing. Yells, moans, and hideous lamentations 
rend the air as the monster seems to them to get the 
upper hand ; the excitement increases, and evidently some- 
thing Is afoot. Mr. M ‘Ivor's sharp eye detected an intended 
sacrifice of fire, the intended fuel being the long, parched 
grass covering the landscape exactly between the fort and 
the eclipsed sun. In a moment he pointed this out toCapt. 
Christie ; in a few more a posse of police was stamping 
out the flames, and the smoke-bank, which threatened to 
upset all the work, gradually died away; the moans, how- 
ever, still continued, and Kahoo worked its wicked will. 

It is now time to return to the fort. Captain Maclear 
announces bright lines in abundance. I had barely time 
to observe these, whisper a word or two, and reach the 
large spectroscope, before I exclaimed “Steady!” the 
signal agreed on for commencing the counting of time. 
Instantly everybody in the fort heard Captain Hailey’s 
clear voice ringing out, “You have 120 seconds," and there 
in the leaden-coloured, utterly cloudless sky, shone out the 
eclipsed sun ! a worthy sight for gods and men. There, 
rigid in the heavens, was what struck everybody as a deco- 
ration, one that Emperors might fight for ; a thousand 
times more brilliant even than the Star of India, where vve 
then were! a picture of surpassing loveliness, and giving 
one the idea of serenity among all the activity that was 
going on below ; shining with a sheen as of silver essence ; 
built up of rays almost symmetrically arranged round 
a bright ring above and below, with a marked absence 
of them right and lel^ the rays being composed of 
sharp radial lines, separated by furrows of markedly less 
brilliancy. 

The observers, however, saw little of this glorious sight. 
Now, at the spectroscope we got the words “Hydrogen 
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spectrum, 1474 louger than F.” Following close upon chap. xxi. 
Mr. M' Ivor’s command, “ Polariscope,” we got the words ~ 

“ Polarization vertical over everything; strong : ” this was the t/jjfZ,,/ 
verdict of the Savart. Next the biquartz came into play. EEmtope. 
“Yellow and brown, with green on both sides, faintly 
radial,” was next heard. Then from Captain Bailey, “You 
have eighty seconds more.” This was the signal for ob- 
serving the eclipsed sun through a long train of prisms, 
an attack in which I placed great confidence, and which 
1 then rushed to make. “ Four circles, 1474, same size [.as 
the rest] 1 and faint,” was at once written down by the 
amanuensis. Then another manoeuvre. “ You have stilt 
thirty seconds more,” said Captain Bailey. In a moment 
Captain Maclcar and myself changed instruments — I to 
observe the structure of the corona with the Astronomer- 
Royal’s 6-inch telescope, Captain Maclcar to note the 
spectrum of any part which 1 might feed him with, in 
a spectroscope of large dispersion mounted on my own 
refractor of slightly greater aperture. 

“Definite structure five minutes from sun.” “No spec- sinu-fnn- 
trum,” “Structure like [that of the great nebula in] 

Orion,” “ No spectrum,” were now uttered antiphonically 
by myself and Captain Maclcar in rapid succession, and 
the eclipse was soon over to the outsiders, apparently 
before its time ; but not to me at the refractor. “Structure 
still visible.” “Still visible,” “Still visible,” now went on 
for nearly three minutes, and then the corona vanished 
into thin air. 

In the fort Captain Maclcar, and below, Dr. Thomson other 
and Mr. Davis, did noble work ; and far away at Jaffna, 

I rinconialce, Poodocottah, and Manantoddy, were others 
all working out the programme; while at Ootacamund 
and Avenashi were Janssen, T^piant, Herschel, l’ogson, 
Ilcnnessy, and a host of others, strung up to the same 
point of tension. Of the results of the work of course 
as yet I can say nothing, except that at Bekul Dr. 

1 I have bracketed the words omitted for brevity’s sake at the time. 
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Thomson's polariscope results agree, exactly with my 
own ; and that, thanks to the skill of Mr. Davis and his 
friendly assistants, five exquisite photographs rewarded 
Lord Lindsay’s endowment.' 

At eight Dry Thomson and myself, not yet recovered 
from a slight attack of fever — the sure result of unrest 
here — were being rapidly carried in manchiels on tin 
backs of a host of bearers, to gain intelligence of the other 
parties and to*confer with Janssen, Tennant, and Pogson 
Little rest was there to be got along the jungle road, what 
with the plaintive, rhythmic moaning of the bearers, tin- 
flashing of the torches in the dark night, the crossing of 
innumerable fords, and, above all, the great question, 
“What have the other parties done?" still unsolved. 

Tins refers to the that the photographic arrangements at 
flekul, which formed one of the fumlaiiicnt.it parts of the work to be 
done, were conducted partly at Lord Lindsay’s expense by his assistant 
Mr. Davis, who formed part of the British Association Expedition. 
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[continued). 

III. — A Lktti.k FROM OOTACAMUM). 

Sl'KKI.V if eclipse expeditions had their mottoes, that <n. x\n. 
of the expedition of this year should be per ware per 
terrain ; for it has been per ware per terrain in our case 
with a vengeance ! Probably when we return, the curious 
individuals who total up in the Times the aggregate number 
of years those people have lived whose deaths are there 
recorded, will, in asking us for our autographs, beg also a 
detailed statement of the number of miles each of us 
has travelled in the performance of our duty. I fear it 
will be very difficult to give the information ; and if the 
temperature in the shade be wanted too, the thing will be 
perfectly hopeles^: for, thank goodness, we took the pre- 
caution to bring no thermometers ; had we done so and 
looked at them, it might have been all over with us. Let 
me point my remarks. A week ago I was at Bekul, having 
travelled I know not how many thousand miles by sea, and 
having scarcely set foot on land for a month. We were 
in the jungle, the heat was burning, some of us had fever, 
an( l ^ was opium which enabled me at all events to get 
through the day of the eclipse, for it was that memorable 
rkiy just a week ago. Since then, by night and by day, Indian 
I)r. Thomson, Captain Maclcar, and myself have been — tnivithnc;. 
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'• I seek a word ; wafted is too weak, jolted is too strong 
tor some parts of our journey, though ridiculously lack in v 
in expression for others — well, conveyed from Uekul, nmv 
in men-carried conveyances, the cunning bearers with their 
plaintive, by no means unmclodious moaning, keeping step, 
giving us an idea of the tremendous labour they were 
undergoing, and reminding us of a certain journey which 
we must all make once ; now on men’s shoulders,; now in 
bullock bandy, speed about two miles an hour, thanks to 
a brutal breach of contract, which has upset my plans 
terribly; nowin Indian railway carriages, average speed 
ten miles an hour, temperature of carriage at noon un- 
known ; and lastly in the horse transit of the Madras Car- 
rying Company. Oh that their carriages were as good as 
their arrangements and the speed of their horses ! And 
now, here I am shivering, surrounded by hoar-frost, with 
a soupqon of a difficulty of breathing in this higher air 
after the dense atmosphere of the jungles, but all the same 
in an earthly paradise with hedges of roses, although it is 
mid-winter, the whole place a perfect garden. I am at 
Ootacamund, at an elevation of some 7,000 feet, with an 
Australian fauna around me ; and within a few hours I 
hope to see Janssen, who is still here; Tennant, Ilcrschel, 
and Ilennessy I have unfortunately missed, owing to the 
breach of contract already referred to. 

We can all of us, or nearly all of us, afford to laugh now 
at any inconveniences we have suffered ; for of the eleven 
who landed at Galle nine have seen the eclipse, some of us 
perhaps as an eclipse has never been seen before. Unfor- 
tunately, to the regret of all, Mr. Abbay and Mr. Friswcll, 
who were among the best prepared for doing good work, 
and were at a station at which everybody said cloudless 
weather was certain, found themselves on the 12th in a 
storm of cloud and mist, which obscured the sun for, I 
believe, the whole day. With this exception the telegrams 
from all the English parties have been sent regularly ; 
while we have all been thankful to learn from the telegrams 
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which Dr. Janssen and Colonel Tennant have- had the en. xxn. 
(rrcat courtesy to send me, that they too saw the eclipse ~ 
well, as also did Mr. Poison, as I gather from the news- * 
papers ; but of course the details of their observations are 
still unknown to me. Hence, I can only give the facts ■> 
observed by the party at Bckul and l’oodocottah ; Prof. 
Respighi, who observed at that station, having joined me 
at Pothanore, the station on the Madras Railway, at the 
foot of the hills which we ascended yesterday from 4.30 
a.m. till 1 P.M. 

But before I say a word about the observations them- 
selves, it is incumbent upon me to express our deep obli- 
gati . jus to the Supreme, Madras, and Ceylon Governments 
forthe magnificent manner in which they have aided us. AbM- 
Nothing could be more complete than the arrangements at 
Bekul made by the Collector, Mr. Webster, and his assist- 
ant, Mr. Mclvor, both for the work to be done and the 
comfort of those who had to do it. The same must be 
said for the Poodocottah party, where not only the Collec- 
tor, Mr. Whiteside, but the Rajah did everything in their 
power, the latter loading the observers with presents when 
they left. We have at present heard only >*f the discom- 
forts of the Manantoddy party, and it is clear that here the 
local arrangements were in strong contrast to those else- 
where. The Ceylon parties, who parted from the main 
body at Galle, have doubtless been well looked after: as 
Captain Fyers, the Surveyor-General of the island, accom- 
panied and aided them in their observations. 

This brings us to another part of the arrangements. 

I he Ceylon party had the unreserved use of the Govern- 
ment steamer the Serendih , to take them from Galle to 
their places of observation, Jaffna and Trincomalee, both 
on the coast, and the accommodation on board was perfect. 

Hie Indian parties proceeded to their various destinations, 
or the ports on the coast nearest to them, in the Admiral’s 
flag-ship the Glasgow, which, however, could not remain to 
brmg them back — a circumstance which has given rise to 
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very considerable inconvenience and great risk for the 
instruments, which are now scattered all along the line 
to be sent to the coast and from the coast to Bombay or 
Galle, as circumstances may determine. This of course 
was not to be helped, and we must hope for the best, 
especially as all the parties have done their utmost in 
superintending their repacking, and handing them over in 
perfect condition to the different Government officers who 
accompanied each party. Still, although it was not to be 
avoided, the withdrawal of the ship has been the unfor- 
tunate circumstance in the arrangements. Nothing could 
exceed the kindness of the Admiral, who vacated his own 
quarters to give us room ; of Captain Jones, who took 
the warmest interest in our proceedings, and helped the 
arrangements greatly ; and of the officers of the ship 
generally. Without the equal kindness of Mr. Webster 
at Bekul, the step from the Admiral's cabin into the jungle 
hut would have been a seven-league one. 

I will at once state the general arrangements of the 
parties, and what I at present know of the observations. The 
stations and observers as finally arranged were as follows : — 

Ik'kul — Analysing Spectroscope, Captain Maclcar and 
Mr. Pringle. Polariscope, Dr. Thomson. Photography, 
Mr. Davis. 


Manantoddy — Analysing Spectroscope, Mr. Friswdl. 
Integrating Spectroscope, Mr. Abbay. 

Poodocottah — Spectroscope, Professor Respighi. Sketches 
of Corona, Mr. Holiday. 

Jaffna — Integrating Spectroscope, Capt. Fyers. Polari- 
scope, Captain Tupman and Mr. Lewis. Photography, 
Captain Hogg. 

1 riticomalce — Spectroscope, Mr. Moseley and Mr. 
Ferguson. 

Besides these observers, we had at Bekul the valuable 
assistance of General Selby, commanding the troops in 
Car.ara and Malabar (for whose help in supplying guards 
tents, &c., the friends of Science cannot be too thankful), 
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Colonel Farewell, Judge Walhou.sc, and others, in sketch- on. xxu. 
j n ,r the corona. At all stations, of course, most precious 
help in various ways was given by all present who volun- 
teered for the various duties, though some of them lost a 
si'dit of the eclipse in consequence. Among those who 
helped in this way at Bekul were Mr. M'lvor, Mr. Pringle, 

Captain Bailey, who timed the eclipse, Mr. Cherry, and 
Capt. Christie, the Superintendent of Police, whose presence 
there turned out to be of the most serious value ; for the 
natives, seeing in the eclipse the great monster Rahoo 
devouring one of their most sacred divinities, not only 
howled and moaned in the most tremendous manner, but 
set fire to the grass between our telescopes and the sun, to 
propitiate the representative of the infernal gods. Captain 
Christie with his posse of police stopped this sacrifice at 
the right moment, and no harm was done. 

Now for the observations. Perhaps I may be permitted Detail *j 
to begin with my own, as at the present moment I know 
most about them. I determined to limit my spectroscopic 
observations to the spectrum of a streamer and to Young’s 
stratum, thereby liberating a number of seconds which 
would enable me to determine the structure of the un- 
doubted corona with a large refractor ; to observe the whole 
phenomena with the naked eye, and through a train of 
prisms with neither telescope nor collimator ; and finally 
with a Savart and biquartz. I found the 120 seconds gave 
me ample time for all this, but ow ing to a defect in the 
counterpoising of my large reflector, which disturbed the 
rate of my clock, I missed the observation of the bright 
line stratum (assuming its existence) at the first contact. 

At the last contact Mr. Pringle watched for it and saw 
some lines. 

Having missed this, I next took my look at the corona. 

It was as beautiful as it is possible to imagine anything to 
be. Strangely weird and unearthly did it look — that strange 
sign in the, heavens! What impressed me most about it, in 
m y momentary glance, was its serenity. I don’t know why 
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ch. xxu. I should have got such an idea, but get it I did. There 
was nothing awful about it, or the landscape generally, 
for the air was dry and there was not a cloud. Hence 
there were no ghastly effects, due generally to the mono- 
chromatic lights which chase each other over the glooniv 
earth, no yellow clouds, no seas of blood — the great Indian 
Ocean almost bathed our feet — no death shadow cast on the 
faces of men. The whole eclipse was centred in the corona, 
and there it was, of the purest silvery whiteness. I did 
not want to see the prominences then, and I did not see 
them. I saw nothing but the star-like decoration, with its 
rays arranged almost symmetrically, three above and three 
below two dark spaces or rifts at the extremities of a hori- 
zontal diameter. The rays were built up of innumerable 
bright lines of different lengths, with more or less dark 
spaces between them. Near the sun this structure was 
lost in the brightness of the central ring. 

Hut from this exquisite sight I was compelled to tear 
myself after a second's gazing. I next tried the spectrum 
of a streamer above the point at which the sun had dis- 
appeared. I got a vivid hydrogen spectrum, with 1474 
(I assume the place of this line from prior observations) 
slightly extended beyond it, but very faint throughout its 
length compared with what I had anticipated, and thicken- 
ing downwards, like I\ 1 was, however, astonished at the 
vividness of the C line, and of the continuous spectrum, 
for there was no prominence on the slit. I was above their 
habitat. The spectrum was undoubtedly the spectrum of 
glowing gas. s 

I next went to the polariscope, for which instrument I 
had got Mr. Becker to make me a very time-saving con- 
trivance — a double eye-piece to a small telescope, one 
containing h Savart and the other biquartz. In the 
Savart I saw lines vertical over everything — corona pro- 
minences, dark moon, and unoccupied sky. There was 
no mistake whatever about this observation, for I swept 
three times across and was astonished at their unbroken- 
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neSS . I next tried the biquartz. In this I saw wedges, 
faintly coloured here and there ; a yellowish one here, a 
brownish one there, with one of green on each side the 
junction, are all the colours I recollect. Then to the new 
attack — the simple train of prisms which Professor 
Young had thought of as well as myself ; its principle 
being that, in the case of particular rays given out by 
such a thing as the chromosphere, or the sodium vapour 
in a candle, we shall get images of the thing itself 
painted in that part of the spectrum which the ray in- 
habits, so to speak ; we shall see an image for each ray, 
as if the prisms were not there.. What I saw was four 
exquisite rings, with projections where the prominences 
were. In brightness, C came first, then F, then G, and last 
of all 1474! Further, the rings were nearly all the same 
thickness, certainly not more than 2' high, and they were 
all enveloped in a line of impure continuous spectrum. 

I then returned to the finder of my telescope, a 3! inch, 
and studied the structure of the corona and prominences. 
One of the five prominences was admirably placed in the 
middle of the field, and I inspected it well. I was not 
only charmed with what I saw, but delighted to find that 
the open-slit method is quite competent to show us promi- 
nences well without any eclipse. I felt as if I kne\v the 
thing before indwell — had hundreds of times seen its exact 
equivalent as well in London — and went on to the structure 
of the corona. Scarcely had I done so, however, when 
the signal was given at which it had been arranged that I 
was to do this in the 6-inch Greenwich refractor, In this 
instrument, to which I rushed, for Captain Bailey had 
just told us that we had “ still 30 seconds more ” — which I 
heard mentally, though not with my ears, as “ only 30 
seconds more ” — the, structure of the corona w r as simply 
exquisite and' strongly developed. I at once exclaimed, 
‘‘like Orion!” Thousands of interlacing filaments vary- 
ing in intensity were visible, in fact I saw art extension 
the prominence-structure in cooler material. This 
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chap. died out -somewhat suddenly some 5 ' or 6' from the sun 
xxtI - 1 could not determine the height precisely, and then 
there was nothing : the rays, so definite to the eye, had 
I supposed, been drawn into nothingness by the power 
of the telescope ; but the great fact was this, that close 
to the sun, and even 5' or 6' away from the sun, there 
was nothing like a ray, or any trace of any radial structure 
whatever to be seen. While these observations were 
going on, the eclipse terminated for the others, but not for 
me. For nearly three minutes did the coronal structure 
impress itself on my retina, until at last it faded away in 
the rapidly increasing sunlight. I then returned to the 
Savart, and saw exactly what I had seen during the eclipse, 
the vertical lines were still visible ! 

Captain Maclcar's well-known skill was amply rewarded. 
I need only here therefore refer to the extreme value of 
his observations, adding what I should have stated before, 
that I saw the bright lines at the cusps, as he was so good 
as to draw my attention to them. I am, however, not 
prepared to say that they were visible through a large 
arc of retreating cusp. * 

Dr. Thomson confined his observations to the polari- 
scope, using the Savart. He states that his observations 
were identical with my own. 

Mr. Davis's photographic tent was below the cavalier in 
which our telescopes had been erected ; and immediately 
after the observations I have recorded were over, I went 
down to see what success had attended hb efforts. I was 
hailed when half-way there with the cheering intelligence 
“five fine photographs," and so thcyare,those taken at the 
beginning and end of the eclipse being l^ondcrfu 1 ly similar, 
with, I fancy, slight changes here and there ; but on this 
• point I speak with all reserve uptit. they have been ex- 
amined more carefully than the tiihe at disposal has 
permitted, and until they have been compared with those 
taken at Oo^cadiund, Avenashi, 4nd f I hope, at Jaffna and 
Cape SidhjoiAh. * 
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This exhausts the principal work done by the Bekul 
party, with the exception of the sketchcrs with General 
Selby at their head, who have recorded most marked 
changes In the form of the puter corona, and Mr. Webster, 
who was so good as to photograph the eclipse from a fort 
some eight miles away, with an ordinary camera, and 
obtained capital results. 

Next a word about the Poodocottah, the other fortunate 
Indian party. Professor Respighi has promised to send 
his results to you with this. About Mr. Holiday’s labours 
I know nothing, except that he has obtained three 
sketches. , 

Concerning the Ceylon parties I give you a verbatim 
extract from the telegrams. From Jaffna : “ Exceedingly 
strong radial polarisation, 35' above the prominences; 
corona undoubtedly solar to that height, and very 
probably to height of 50'.” From Trincomalee Mr. 
Moseley informs me that he carefully watched for Young’s 
bright line stratum, and did not see it, and that 1474 
was observed higher than the other lines. 

This is the sum total of the information which has at 
present reached me. It is clear there are discordances 
as well as agreements, the former being undoubtedly as 
valuable -as the latter. It remains now to obtain par- 
ticulars of all the observations of all the parties, before a 
final account can be rendered of the eclipsed sun of 1871. 
This;'of course, will b# a work of months ; but if all goes 
well, I trust to obtain information shortly of the outlines 
of the work done by the Indian observers and M. Janssen, 
as I am now ^(paining in India for that purpose. In 
the meantirttt^^l&e the* good people at home will 
think we hawnpdr^ 5 #ir duty 1 , and that all the members of 
the Goveriun^nt EcjBfae Expedition of 1871 will soon be 
safely with tjfelnr to gjlVn-ah account of their work. 

Oofocamu/tif, Dec* J9, 187*. 
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IV. — Intellh; exce from the Other Parties. 

S' ■*, 

a . / . .. 

cHAr. is the former communijyrtfon written from O^LCfHnund, 
— - - I promised another when { was in posse§sioff 1|f more 

information as to the work done, not Untish 

Association parties, but by those repres^||^‘ : ^i : ^)dian 
and French Governments. Let me no# - tffik^eavour to 
redeem my promise, seeing that s i n Cfti . |fw|| ,-MJihimuni - 
cation was penned I have had the happfnetSof hearing 
from M. Janssen’s own bps an, account of wfal^Ite.did ; 
have met Captain Waterhouse, the last at 

Ootacamund of Colonel Tennant's party jTliave Visited 
Mr. Pogson at Madras, who obligingly gavethe an ac- 
count of the results obtained at Avenasht ; last, hut 
not least, have learnt since my return home Jaffna 

party were successful, not only with the polanacppe* but 
also with the camera and spectroscope. 

Within a few minutes of the d^patdf^f; article 
Cup-tin I found that Captain Waterhcm«%^|l&b.' ,<a«Uied Mr. 
Hennessy in exposing 

Colony JTennant's party, was ' a ” d 
tfcla jrtdGqpfc intelligence' yrt&g Captain 

Waterb«ww^»imsclf, who W' bring with 

T«hfchl*t, with the intention? them at 
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Potiionore • taken by Mr. Davis. Unfortu CHAP, 

nately, aks biasTaecn already stated, we missed each other, xx,u - 
and- so |Jit*solttte comparison of photographs, did not 
take place the drawing it was evident that in 
the two se»|* the, main ft£f$n of the corona was the same. 

The photographs I fearped were very sharp and good, and 
one appreciates their value the more when it is known that 
only 1 st very little time before they were taken, any success, 
even a partial one,., scented out of the question, so per- 
sistently did clou| an<§ m * st hang over Dodabet on the 
eventful rtlorning. I gathered that the spectroscopic 
observations had also been successful, and that a con- 
tinue#? ^ctrum with 1,4/4 ba<i been observed. If more 
lines tt^n^this were not seen* it is easily to be accounted 
for by fiii^ j&latively long focal length of the object-glass 
employed, to- throw an image of the eclipsed sun on the 

slit.^^fK.^^-- ' ’ 

Nbt<wri^liife'mocning after my interview with Captain 
Waterhouiie’'dl<fcI learn the whereabouts of Dr. Janssen, Dr. 
who frotllfci Study of the* habits of the clouds and their 
prevaUftfg drift* had concluded that the neighbourhood of 
Ootacamue^d was not the best that could be chosen. 

He had consequently taken his departure, and it seemed* 
at first as if his whereabouts was known to no one. At 
last, however, _ Professor Respighi and myself came upon 
his spoor; be was at Sholoor, on the X.H. flank of the 

house Of a tea-planter, to which there 
was ho tfdiLd, be reached on ponies if a 

guide to it couldb«;£o«reid. This guide Captain Sargeant, 
of the Reveisu^ , |fe.ps/tftMint, 5t obligi ngly provided, and in 
no veryioog- the beautiful spot which Dr. 

Jansen be- better that Laftould state 

his results % In a letter i’ to Proftissor 

De.la Rive.fhitedDe^cnljb^ad, he thus writes ’■if*. 

■ “ J’ai sSt€ /awbfbB 5 f par 4 ttn i eiel< d’une puristic prCSque 

absolue. Cetttf *c tPconsfanoe, et surtout les dispositions 
" Biblioth^qu© UarfvcrsclUf,” January 15, 1873, p. 103. 
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optiques toutes nouvelles que-j’avats prises, m’ont permis 
de faire sur la couronne des coftStatations qui d^montrent 
son origine solaire (pour la meiileure partie). 

" Dans mon telescope, 1 le spectre de ^^tironne s’est 
inontre non pas continu, mais remarquablemeni complexc. 
J’y ai constat^ : 

“Les raies brillantes du gaz hydrogene qui forme le 
principal element des protuberances et de la chromosphere. 

“ La rate brillante verte deja signalee aux Eclipses de 
1869 et 1870, et quelques autres plus fatbles. 

“ Des raies obscures du spectre solaire " ordinaire, 
notainment D. Ces raies sont beaucoup plus difficiles a 
apercevoir. 

" Mcs observations prouvent que, inddpcndamment des 
matieres cosmiques qui doivent exister dans le voisinage 
du Soleil, il existe autour de cet astre une atmosphere 
tres ctendue, excessivcment rare, base d ’hydrogene. 

"Cette atmosphere, qui forme sans doute la derniere 
enveloppe gazeuse du Soleil, s’alimente de la matidre des 
protuberances, lancec avec une si grande violence, des 
entrailles de la photosphere. Mais elle se distingue de 
la chromosphere et des protuberances, par une density 
‘enormdment plus faible, une temperature mains £lev<£c, et 
peut*ctre par la presence de certain gaz difftjrents. 

“11 y a done lieu de distinguer cctte nquyelle atmo- 
sphere solaire. Je propose de la nomrrier Atmosphere 
coronale, designation qui rappelle que e’est elle quf produit 
la meiileure partie des phenom&nes iumipeu^ qui ont 
et<$ d&tigft&? jusqu’ici sous le nom de couronne solaire. 

“En* annon^ant ce rdsultat, je n-oublie pas, quant k 
quo nous devons atu% 4 ravaj|jc qui l’ont pr<'- 
par^ notarftmettt ceux des astronocnesiaittii^cains aux 
Eclipses de >869 et 1870.” 

J Ce telescope a une ouwsrttire deota. w. m tm. 43 Mutement ue 
distance focafe. Le* images f sont de HfJT 16 fois plus lumtneuses 
que dans une lunette aam«iMntque v ORQiilpi^:^Le : spectroscope avait 
C’i<& construit pour utilizer tbute ceU* lumifcre. 
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It will tic seen that th$ importance of the brilliancy of 
the image, so strongly irfsfeted upon by the eclipse Com- 
mittee in their Instructions, had been fully recognised by 
Dr. Jansseriftphose instrument had more light even than 
those used by the British parties, who used “ Browning- 
With” reflectors of 9$ inches aperture, and some 6 feet 
focus. 

Although my account, in this place and at this time 
can only be of the most general character, the coincidence 
obtained by Janssen, Respighi, and myself on one point 
may be briefly referred to, namely the distinct proof ob- 
tained by each of us that above the most vivid chromo- 
spheric layer, and even the prominences, we have hydrogen 
with its most familiar bright lines, and with much of the 
“ structure ” of its spectrum : these proofs being derived 
not only from the old method of inquiry, but from the 
new one employed by Professor Respighi and myself. 

We spent the remainder of the day at Sholoor in 
mounting the hill at the back of the house to see the 
observatory, and to admire the wonderful view of the 
plains of Mysore, which was visible between a break in the 
hills; while the immediate neighbourhood, with its water- 
falls, massive peaks, rocks here, and patches of wood 
there, steep ravines and tea-clad valleys, presented us with 
a scene o£ perfect beauty. 

Next mdrning we were away before sunrise on our 
way to TVIr. Pogson, whom we found at the Madras Ob- 
servatory, preparing to exchange time signals with the 
Jaffna party. Three photographs were taken by Mr. 
Pogson at Avenashi, but the instrument used, was so 
different from '|hose used at Bekul and |^>t 

to mention. Jaffna) that it is difficult to institute a . com- 
parison in the *time at m^r disposal ; but it is not to 
be doubted that tjiey will be of the highest importance 
when the general ^results conve *to be discussed. Mr. 
Pogson was assisted. Jn the observations by his son and 
Mr. Chisholm, the Government architect, who was highly 
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successful in sketching the corona and the eclipse effects 
. upon the landscape. 

•‘Come we last to Jaffna. In my former article I re- 
ferred only to the polariscope and spectroscope work done 
Jaffva. there. I hav<? since learned that six photographs were 
taken with the sister instrument to the one used at Bckul. 

The observations, in fact, were a perfect success. The 
•morning was clear and bright, and could not have been 
finer had any one so wished. 

At about six o’clock the party and those who were to 
assist them began to assemble on the Belfry Bastion in 
the Fort. Captain Tupman observed with the Polariscope 
and drew during the eclipse, and was assisted by Captain 
Varian of the Sercndib as his time-keeper : Mr. Lewis 
with his telescope and polariscope was stationed inside 
the hut, with the photographic party, and Mr. Thwaitcs, 
Deputy Queen’s Advocate, who was assisted, by the car- 
penter of the Sermdib . Captain Fyers, R.E., with the 
spectroscope, had for his assistant Mr. W. S. Murray. 
Deputy Fiscal ; and Captain Hogg, R.E., who presided over 
the photographic department, was assisted by Mr. Twy- 
nam. Government agent, and Mr. J. \V. Simpson. By 
these observers the polariscope results were arrived at. a 
telegraphic summary of which I quoted in my last com- 
munication. Six photographs were taken, being one 
more than we obtained at Bekul ; and in the clockwork- 
driven integrating spectroscope the reversal of the dark 
lines was seen at the beginning of totality, and the hy- 
drogen bright lines and 1474 during totality. No infor- 
mation yet about intensities. 

Sketches were made by Mr. Focnander, of the Surveyor- 
General’s Department, Colombo; Mr. Pargiter, Assistant 
Government Agent; Mr. Vine, M.C.E.* of the Public 
Works Department ; Mr. Carmichael and Mr. Layard 
of the O.B.C. 

The crowd of natives round the Belfry Bastion was 
very great ; they set up a most hideous howl directly 
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totality commenced, fancying that the end of the world 
was at hand. They were under the impression that the 
whole of the Expedition with assistants and all here during 
the eclipse were going to get into a balloon and off to the 
sun and not return. 

It will thus be seen that the hopes of those interested 
in the various expeditions of this year have not been dis- 
appointed. The composition and structure of a part of 
the corona have been for ever set at rest, while we have 
seventeen photographs, taken by instruments of the same 
power and pattern, to compare with each other — eleven 
taken at the ends of a base line some 400 miles long, and 
six at an intermediate elevated point, whereby it was hoped 
to test the influence of the atmosphere on the observed 
phenomena. Whether the slight mist will have prevented 
this or not remains to be proved, but anyhow here is 
a wealth of records unequalled before, and we may 
hope to lcam much of the outer coronal regions from 
their comparison, not only inter se, but with Mr. Holi- 
day’s admirable drawings, showing considerable changes, 
which have also cotne to hand. 
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THE ENGLISH ECLIPSE EXPEDITION , 1871 

( continued ). 


V. General Statement of the Methods, Uses and 
Results of the Expedition. 1 

I understand my duty to-night to be to give an account 
of the observations made, not by all who observed the 
eclipse of last December, but by the members of the party 
which went out under the auspices of the British Association, 
and it is extremely fortunate that nothing more is required 
of me ; first, because most valuable work was done by the 
other parties, which of itself would require more time to 
state than I have at my disposal ; and secondly, because 
the amount of material obtained by the members who 
were sent from England, and by the friends who met them 
at every point, is so great, that it would be impossible in 
one discourse to give anything like an exhaustive account 
of it. Here are some of the records in this portfolio. 
You will see at once that even for one party I can only 
make a selection, and I am perfectly aware of the extreme 
responsibility which attaches to anyone who may venture 
to make a selection out of such an enormous mass of 
material as wc have collected. 

* A lecture delivered at the Koval Institution of Great Britain, on 
Monday, March 22 , 1872* The chief results here detailed, obtained by 
the expedition have been taken from the ad interim Report presented 
to the British Association Meeting in Brighton. The lecture itself 
dealt mainly with the methods and instruments employed. 
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Before I proceed to discuss the work done by the dif- char. 
ferent parties, it will be desirable to give an idea of the XXI V * 
arrangements, and for this purpose I have prepared several 
maps, which will enable you to see what the British Associa- 
tion parties did. 

In the first instance I may remark that the weather maker 
conditions were somewhat problematical. Another point wMUns. 
of great importance was that much of the ground was 
fortunately occupied, and it was essential when placing 
the parties to bear these two considerations in mind — 
the possibility of bad weather, and then the importance of 
so arranging matters that if some of the observers were 
clouded out, belonging to our parties, then the story might 
be continued by other observers. 

Here we have a map of India, which gives you a general 
idea of the path of the shadow during the eclipse. The 
shadow, you see, strikes India on the western coast, and it 
runs down in a south-westerly direction, and cuts the 
northern portion of Ceylon. 

When we arrived in India we found that the Indian i Ma l 
observers, consisting of those well-known men Tennant, obien-ers. 
Hcrschel, Hennessy, Pogson, and others, had determined, 
from their knowledge of the climatic conditions of India 
at that time of the year, to occupy the central part of the 
line, and also a station at a low level ; the eminent French 
physicist M. Janssen taking up his position at the top of 
the Nielgherries. We were to station ourselves either east 
or west, or both, of these parties. Whether east or west 
would depend upon the monsoon, and the great question 
that was being discussed on our arrival was, Was the 
monsoon favourable ? 

I have not time to go into the many interesting points 
touching the answer to. this question; but I may say 
shortly that what we heard was, that if the weather was 
likely to be bad on the east side of the hill range, generi- 
cally called tlje Ghauts, there was a good chance for any- 
one occupying 4 a position west of those hills. What 
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happened was that we did occupy the positions marked by 
blue wafers on the map, namely, Bekul on the west coast, 
Manantoddy on the wostern slope of the Ghauts, Poodo- 
cottah in the eastern plain, and in the island of Ceylon, 
first, Jaffna ; and secondly, Trincomalee. 

Such were our arrangements. The parties were stationed 
along the line of totality. Very different were the arrange- 
ments of the Sicilian party of the former year. In Sicily 
we were compelled to throw ourselves across the line of 
totality in the direction which I have indicated on this map 
of Sicily. 

Now what was the work we had to do ? If you will 
allow me to refer to two or three results of the former 
Eclipse expedition, I will endeavour to put them before 
you without taking up too much of your time. 

One of the most important among the results obtained 
in the eclipse of 1870 was this: far above the. hydrogen 
which we can see every day without an eclipse — far above 
the prominences, the spectrum of hydrogen had without 
doubt been observed by two or three of the American 
observers, who were more fortunate than we were. Among 
them Professor Young stated, that the spectrum of hydro- 
gen was observed to a distance of 8' from the sun ; he then 
adds, “ far above any' possible hy'drogen atmosphere.” 
This is point number one. 

Another of the points was this : the unknown substance 
which gives us a line coincident, according to Young, with 
a line numbered 1474 by Kirchhoff, had been observed by 
the American observers to a height of 20' above the limb 
of the dark moon. 

Now, it was a very obvious consideration that if we got 
a spectrum of hydrogen 8' from the dark moon, when we 
thought we knew that the hydrogen at the sun did not 
really extend more than 10* beyond the dark moon, there 
was something at work which had the effect of making it 
appear very much more extensive than it really was ; 
and it was fair to assume that if this happened in the case 
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of the hydrogen, it might also happen in the case of the 
unknown stuff which gives us the line 1474. 

In support of this view we had one of the few observa- 
tions which were made in Sicily, in the shape of a drawing 
of the corona, as seen by Professor Watson, who observed 
at Carlentini. He saw the corona magnificently ; and 
being furflished with a powerful telescope, he made a 
most elaborate drawing of it, a rough copy of which I will 
throw on the screen. You will see at once that we had 
in this drawing something which seemed to militate against 
the idea that the 1474 stuff at the sun did exist to a height 
of 20'. According to Professor Watson the boundary of 
the real corona was clearly defined, its height being far 
under that stated. 

Next, we had another observation of most important 
bearing on our knowledge of the base of the corona. I 
refer to the announcement of the observation by Professor 
Young of a stratum in which all the Fraunhofer lines were 
reversed. It was asserted that there was undoubtedly a 
region sorfte 2' high all round the sun, which reversed for 
us all the lines which are visible in the solar spectrum. 
We had in fact in a region close to the photosphere the 
atmosphere of the sun demanded by Kirchhoff at some 
distance above the photosphere. 

Last, not least, we had the photographic evidence. There 
was in Sicily a photographic station at Syracuse, and the 
Americans had another in Spain. I now show on the 
screen a drawing — it is not the photograph itself — but a 
drawing of a photograph made by the party in Sicily ; 
what we have on this photograph, is a bright region round 
the dark moon, which is, undoubtedly, solar, but stretching 
out right away from this, here and there are large masses 
of faint light, with dark spaces between them, which have 
been called rifts. Now the question is, Is this outer por- 
tion solar ? 

Having thus brought' rapidly before you some of the 
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questions which we had principally to bear in mind, and, 
if possible,- settle (though that is too much to hope for in 
any one Eclipse Expedition) in the Work we had to do in 
India, I will next bring to your notice some new methods 
of inquiry which had been proposed, with the object of 
extending former observations. * 

I may here remark that the Royal Astronomical Society, 
in the first instance, invited me to take charge of “an expe- 
dition to India merely to conduct spectroscopic observa- 
tions ; but although this request did me infinite honour, I 
declined it, because the spectroscope alone, as it had been 
used before, was, in my opinion, not competent to deal 
with all the questions then tinder discussion. I have told 
you that some of the most eminent American observers 
had come to the conclusion that the spectrum of hydrogen 
observed in the last eclipse round the sun, to a height of 
8', was a spectrum of hydrogen “ far above any. possible 
hydrogen ” at the sun. Hence it was in some way reflec- 
ted. Now with our ordinary spectroscopic methods it 
was extremely difficult, and one might say impossible, to 
determine whether the light which the spectroscope ana- 
lysed was really reflected or not ; and that was the whole 
question. 

It became necessary, therefore, in order to give any 
approach to hopefulness, to proceed in a somewhat differ- 
ent way in the 1871 expedition; and in order to guard 
against failure, to supplement such new observations by 
photographs; and fortunately w*e u-ere not long in coining 
to a conclusion that this might be done with some con- 
siderable chance of success. 

I have here a train of prisms. I will for one moment 
take one prism out of the train, and we will consider what 
will happen if we illuminate the slit of the lantern with a 
monochromatic light and observe it through the prism. If 
we render sodium vapour incandescent, we know we get a 
bright yellow image of the slit, due to the ^apour of the 
metallic sodium only giving us yellow light. But why is 
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it that we get a line ? Because we always employ a line' 
for the slit. But suppose we vary the inquiry. If, instead 
of a straight line, we have a crooked line for the slit, then 
we ought to see a crooked line through the prism. Now, 
allow me to go one step further : suppose that instead of 
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Fit;. lai.—The spectrum of hydrogen a* seen with a straight, a crooked, and a ring slit. 


a line, whether straight 01 crooked, we have a slit in the 
shape of a ring, shall we see a ring through the prism ? 
You will see that we shall. And then comes this question : 
If when we work in the laboratory we examine these various 
slits, illuminated by these various vapours, why should it 
not happen that if we observe the corona in the same 
way, we shall also get a ring built up by each ray of light 
which the corona gives to us ; since we know, from the 
American observations, that there were bright lines in the 
spectrum of the corona, as observed by a line slit ? In 
other words, the corona examined by means of a long 
train of prisms, should give us an image of itself painted 
by each ray which the corona is competent to radiate 
towards us. 

Now let us pass to the screen, the screen merely re- 
placing the retina. VVe will first begin with the straight 
slit with which you are familiar — we now have our slit 
fairly focussed on the screen — we then in the path of the 
beam interpose one of these prisms, and there we get on 
the screen a bright line. 
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Now, to continue the argument, we replace the straight 
' slit by a crooked one, and you see we get a crooked image 
on the screen. We now replace this crooked slijt by a 
ring. VVe have now a ring-formed image on the scri^n. So 
that you see we can use any kind of narrow apertur£ wc 
choose, and as long as we are dealing with light which is 
monochromatic, or nea^yjso, we get an image $J the aper- 
ture on the screen. 

If we consider the matter further it will be evident that 
we may employ a mixture of vapours, and extend this 
result. 

VVe will now, for instance, instead of employing sodium 
vapour, employ a mixture of various vapours. You see 
now that each ray given by these substances, instead of 
building up a line image, is building up for us a ring 
image — that we have now red, green, yellow, blue, and 
violet rings. 

Now that was the consideration which led to the adop- 
tion of one of the new attempts to investigate the nature 
of the corona used this time. It was, to use a train of 
prisms, pure and simple, using the corona as the slit, a 
laigc number of prisms being necessary to separate the 
various rings we hope to see, by reason of their strong 
dispersion. . On the screen the rings to a certain extent 
intersect each other ; and it would have been easier to 
show you the ring-form of the images if we could have 
used more prisms than one. 

If this is good for a train of prisms such as I have 
referred $o, it is good for a single prism in front of the 
object-glass of a telescope. Such was the method adopted 
by Professor Respighi, the distinguished Director of the 
Observatory of the Capitol of Rome, who accompanied 
the expedition. 

Now you may ask how would this method, if it suc- 
ceeded, be superior to the ordinary one ? In this way. If 
we were dealing merely with reflection, then all the rings 
formed by vapours of equal brilliancy at the base of the 
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chromosphere would be of the same height, while if re- 
flexidfi were not at work the rings would vary according 
to the actual height of the vapours in the sun’s atmosphere, 
and the question would be still further advanced if the 
spectrurft did not contain a ring representing the sub- 
stance whjgfh underlies the hydrogen. | • 

Our //^spectroscopic equipment then was as follows: — 

t. A train of five prisms. 

2. A large prism of small angle placed before the object- 
glass of a telescope. 

3. Integrating spectroscopes driven by clockwork. 

4. A self-registering integrating spectroscope, furnished 
with telescopes and collimators of large aperture, and 
large prisms. (This instrument was lent by Lord Lindsay.) 

Now a word about the polariscopic instruments, referring 
you to my lecture given last year for a general notion of 
the basis of this class of observation. 

A new idea was that observations to determine the 
polarization of the corona might be made with the same 
telescope and eye, both with the Biquartz and the Savart. 

By the kindness of Mr. Spottiswoode, who has placed 
his magnificent polarizing apparatus at our service, I hope 
to be able to show you on the screen the mode of examin- 
ing the corona by means of those two instruments, so as 
to enable you pretty well to follow what was actually done. 

Let me begin with the Biquartz polariscope. In the 
first instance I will throw on the screen a representation of 
the corona itself, and we will then insert a Biquartz, and 
see its effect when I flood the screen with polarized light. 
Vou now see an indication of what would be observed 
supposing the polarization was due to polarized light dif- 
fused in the region between us and the dark moon and 
eclipsed sun ; in which case the polariscopic effect would be 
observed generally over the dark moon, the corona and the 
region of the sky outside the corona. But this is not all,' 
not only does this arrangement enable us to determine the 
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existence of such a general polarization, but, the vertical 
line in the Biquarfz called the line of junction, when the 
colours on 'both sides of it are the same, indicates the 
plane of polaf^atiqn ; so that tfe have colours strongly 
contrasted ej$K$r . half Bf- tfie field When we are away 
fjoqSf thfeplane of-’ pqj^i^tiom, and a unifdi^jkiolouring 
of^lie whol&fidd wheft id or 31 right angles tJBd plane, 
ltjp turning Ahis prism through go”, you see I entirely 
change the colours. 

But we are not limited to the Biquartz in this inquiry 
We can apply the Savart polariscope. Having still our 
image of the corona on the screen, I now replace the 
Biquartz by’ a Savart. 

We now no longer see a line of junction with the similar 
or different colours on either side of it, but lines of colour 
running across the image. 1 turn the prism. Wc first see 
the lines with a white centre, then with a dark one : while 
at times they are altogether absent. And as a departure 
from the plane, when we use the Biquartz, gives us the 
strongest contrasts of colour, so you observe that with the 
Savart under these circumstances all indications of polari- 
zation vanish. 

Now, if we assume polarization to be general, and the 
plane of polarization vertical, we should get those coloured 
bands, as you see them there, crossing the corona and dark 
moon, the lines being vertical and dark-centred. If the 
plane of polarization w'ere horizontal, we should. find the 
lines horizontal and the central one white. 

But so far as we have gone, we have been dealing with 
polarization which is general, and we have not attempted 
to localize polarization at the corona itself. But I have 
here an apparatus, by means of which, quietly, in this 
theatre one can see as admirable an example as we should 
desire of polarization assumed to be particular to the sun 
and not general — I mean radial polarisation. We have 
simply a circular piece of mahogany, or something else 
which polarizes light equally well, with a hole in the middle 
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with sloping fkles, cut as you see this cut, and then we chap. 
place behind it a candle, so that the light, of the candffe, _. XXIV :._ 
after falling on oiled tissue paper stretclied across the 
aperture," can be reflected . to the eye ^ the sides,, the // u - u , 
direct light of Jhe candle feeing *tpj>|>||| central me- 

tallic d|gfijhragm. We h^ve a' source of* polarized 
light 4 |pdifferent kind fltont last. The next thqjfg^we 
have tdf do is to introduce into a small telescope exactly 
the same kind of apparatus we • have there, though of 
%course on a much smaller scale, and examine the ring of 
light seen when we put the candle behind the aperture. 

On examining the ring of light which is now visible by 
means of this telescope, which contains a Biquartz and 
analyzer, I see the most exquisite gradations of colour on 
either side the line of junction which cuts the field of view 
and the bright ring in the centre into two. 

Now, instead of the candle, we will employ the electric 
lamp ; and instead of the eye, the screen ; but I must 
inform you. that the great heat of the electric lamp 
prevents the appearance being perfectly successful on the 
screen, as the reflecting varnish is melted. 

In this experiment we cannot work with an image of 
the corona. We must make our corona out of the image 
of the ring we hope to get on the screen ; and then, by • 
employing the Biquartz in the same way as before ; instead 
of getting similar colours on either side of the line 
of junction, as we did when we were working in the plane 
of polarization, and getting the greatest contrasts, as we 
did when we worked 45 0 away, you observe we get 
different colours in each part of the ring. 

On the screen we now have a highly-magnified image Expni- 
of the hollow cone of iron which I am compelling to reflect 
the light from the lamp ; and by inserting this Biquartz /*>». 

I throw various colours over different portions of .that 
ring, which I beg you to consider for one moment as the 
solar corona, and the colours change as I rotate this prism. 

\ou will at once be able to explain the different actions 

BB 2 
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oj the Biquartz in this instance. The reflexion, and 
_ therefore the plane of polarization, is no longer general, 
but varies from point to point of the reflecting surface. 
It is in fact radial, and hence the delicate radiate arrange- 
ment of colour. ■ 

Such then were some of the #ew 
instruments vkt used for the first time 
And I ho[>e you will allow me to use this term, although 
our work was conducted a long way from the Royal 
Institution, the natural home of research in, England. 

I must now state very briefly some of the results of our 
work ; and first, the certain results. 

We were able to make out the structure of the corona. 
We know all about the corona so far as the structure of 
its lower brighter strata, that portion, viz., which I referred 
to in my lecture last year 1 as being visible both before and 
after totality, is concerned. You may define it as con- 
sisting of cool prominences ; that is to say, if you examine 
a prominence any day, without waiting for an eclipse, and 
then go to an eclipse and examine the lower portion of 
the corona, you will find the same phenomena, minus the 
brightness. You find the delicate thread-like filaments 
which you arc now all so familiar with in prominences — 
filaments which were first thrown on a screen in this 
theatre; the cloudy light masses; the mottling; the nebulous 
structure, are all absolutely produced in the corona, as far 
as I could see it with a telescope with an aperture of 6 
inches ; and I may add that the portion some $' round the 
sun, reminded me forcibly, in parts, of the nebula of Orion, 
and of that surrounding q Argus, as depicted by Sir John 
Herschel, in his Cape observations. 

We have shown that the idea that we did not get 
hydrogen above 10' above the sun is erroneous; for 

« Sec p. 281. 
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we obtained evidente that hydrogen exists to a height 
of S' or 10 ' at least above the. sun; and I need pot 
tell you the extreme importance of this determination. 
One of the proofs we Tiave of that lies in this diagram; 
showing the observations made by Professor Respighi, 
armedfirith an instalment, the principle of which I hope 
you aiWiow^sdniliarHith. 

Just after' the sun disappeared Professor Respighi 
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employed this prism to determine the. materials of which 
the prominences which were then being eclipsed* were 
composed; and he got the prominences shaped out in red, 
in yellow, in blue, and in violet light ; a background of im- 
pure spe^mm filling the field; and then, as the moon 
swept over the prominences, these images became in- 
visible ; he saw the impure spectrum and the yellow and 
violet rings gradually die out, and then three bright and 
broad rings, painted in red, green, and blue, gradually 
form in the field of view of his instrument ; and as long 
as the more brilliant prominences were invisible on both 
sides of the sun, he saw these magnificent rings, which 
threw him in a state of ecstasy. And well they might. 

These rings were formed by C and F, which shows Not glare. 
us that hydrogen extends at least 7 ' high, for had we 
not been dealing zvith hydrogen zee should have got a yellow 
ring as well, because the substance which underlies the 
hydrogen is more brilliant than the hydrogen itself, and 
in addition to the red ring and the blue ring, which Indi- 
cate the spectrum of hydrogen, he saw a bright green ring, 
much more brilliant than the others, built up by the . un- 
known substance which gives us the Kirchhoff line, 1474- 

Now at the time that Professor Respighi was observing 
these beautiful rings by means of a single prism and a 
telescope of Some four inches aperture, some 300 miles 


away from him— -he was at Poodocottah and I was at 
Bekul — I had arranged the train of prisms which you see 
here so that the light of the sun should enter the first 
prism, and after leaving the last one should enter my eye. 
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^ap. And what I saw is shown, side by sSjle wilfc . Respighi’s 

- observations, in this diagmm, ia whidii l * hav<f separated 

fl,e,rin gs somewhat, jo itha| ^et#sh wUlfe less confusion 
KWghr* than in4he hctual observ^|ioi^ Hen^^ofessor Respighi’s 
*»*»* observation. He gets ipdieatipA^of C, D» F, and 
v,u*>nt. the hydrogen line near G. H# %as observing fbe very 
lowest, brightest regioa„of all, and therefore 1474 was 
obliterated by the brightnessOF the continuous spectrum ; 
but as the eclipse tjrent on D 3 was entirely dUlitefated, and 
afterwards he got C and F building up rnfgi together with 
i474^\vhich was not represented *fh th*I* l<Hver regions' of 
the because it*\vas no*||[fefe, but because, 

as I haye^||f«9dy' insisted, of the cxmS&4jjl$filliancy of 
the background. • Now my observation "'wSs^ made inter- 
mediate^, as it were, between the *|wo enervations of 
Professor Respighi's. Let me show the observations 
together. * ’ 

Respighi .CD 9 F G prominences at beginning 

* of eclipse. 

Lockyer . C 1474 F G Corona at 8 <f from com- 
mencement. 

Respighi . C 1474 F Corona at mid eclipse. 
Note that T had no object-glass to collect light, but that 
I had more prisms to disperse it ; so that with me the 
rings were not so high as those observed by Respighi, 
because I had not so much light to work with : but such 
as tfeey were I saw them better because the continuous 
spectrum was more dispersed, and because, with my 
dispersion, the rings — the images of the corona — therefore 
did not so much overlap. Hence, doubtless, Respighi 
missed the violet ring which I saw ; so faint, however, 
that both that and 1474 were almost invisible, while C shot 
out with marvellous brilliancy, and D 8 was absent. 

These observations thus tend to show, therefore, that 
instead of the element — the line of which corresponds 
with 1474— existing alone just above the prominences, the 
hydrogen accompanies it to what may be termcd«a great 
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height above the more intensely heated lower levels of the 
chromosphere, including the prominences in which the 
lower vapours are thrown a greater height. With a 
spectroscope of small dispersion attached to the largest 
mirror of smallest focus which I could obtain in Eng- 
land, the gatseous nature of the spectrum, as indicated by 
its structure , that is, bands of light and darker intervals 
as distinguished from a continuous spectrum properly so 
called, was also rendered evident. 

These are results of the highest importance, which alone 
are worth all the anxiety and labour connected with the 
expedition. 

But there i* more behind. The photographic operations 
(part of the expense of which was borne by Lord Lindsay) 
were most satisfactory, and the solar corona was photo- 
graphed to a greater height than it was observed by the 
spectroscope, amf with details which were not observed in 
the spectroscope. 

Mr. Davis was fortunate enough to take an admirable 
series of five photographs at Bekul, and Captain Hogg 
also obtained some at Jaffna; but I am sorry' to say' the 
latter lack somewhat in detail. 

I have prepared two lamps, because I am anxious to 
exhibit the photographs two at a time, that y r ou may 
compare one with the other. [This was done.] You see 
that so far as the camera goes — and mark this well — the 
corona was almost changeless during the whole period 
of totality ; this is true, not only for one place, but for all 
the places at which it was photographed. 

I now |i^iibit two other photographs — one taken at 
Jaffna an# the other at Ootacamund. Actinically the 
corona was the same and practically changeless at all the 
stations. You see that, though not so obvious as in the 
other case, there is the same similarity. 

Before I leave the actinic corona, I am anxious to show 
you an imag$ of it, taken during the American eclipse of 
1 869 in a camera exposed to the sun during the whole of 
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, chap, the totality; to a certain extent iA our recent photographs 

. „ we have reproduced what was photographed in 1869. 

The solar nature of most, if not all, of the corona 
recorded on the plates is established by the fact that the 
plates, taken in different places, and both at the beginning 
and end of totality, closely resemble each other, and much 
of the exterior detailed structure is a continuation of that 
observed in the inner portion independently determined by 
the sj>ectroscope to belong to the sun. 

While both in the prism and the 6 inch equatorial the 
corona seemed to form pretty regular rings round the dark- 
moon, of different heights according to the amount of 
light utilized by the instrument ; on the photographic plates 
the corona, which, as I have before stated, exceeds the 
limits actually seen in the instrument I have named, has a 
very irregular, somewhat stellate outline ; most marked 
breaks or rifts {ignored by the spectroscope), occurring near 
. the sun’s poles, a fact perhaps connected with the other 
fact that the most active and most brilliant prominences 
rarely occur there. 

The From the photographs in which the corona is depicted 
draw Kgs. actinically W e pass to the drawings in which it is depicted 
visually. I would first call attention to two drawings 
made by Mr. Holiday, who formed part of the expedition, 
and in whose eye every one who knows him will have 
every confidence. 

First there is a drawing made at the commencement of 
the totality, and then a drawing made at the end. There 
is a wonderful difference between the drawings; the corona 
is in them very much more extensive than is represented 
actinically on our plates. 

Here is another drawing, made by Captain Tupman, in 
which, again, we have something absolutely different from 
the photographs and from Mr. Holiday's .sketches, in- 
asmuch as we get an infinite number radial of dark lines 
extending down to the moon, and a greater extension than 
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in the photographs, though in places the shape of the 
actinic corona and some of its detail? are shown. 

Now the corona, as it appeared to me with the naked 
eye, was nothing but an assemblage of bright and dark 
lines, it lacked all the structure of the photographs and 
appeared larger ; and I have asked myself Whether these 
lines do not in some way depend on the size of the 
telescope, or the absence of a telescope. It seems as if 
observations of the corona with the naked eye, or with a 
telescope of small power, may give us such lines ; but that 
when we use a telescope of large power, it will give, close 
to the moon, the structure to which I have referred, and 
abolish the exterior structure altogether, leaving a ring 
round the dark body of the moon, such as Professor 
Respighi and myself saw in our prisms and in the 6-inch 
telescope, in which the light was reduced by high magnifica- 
tion so as to bring the corona to a definite ring some 5' 
high, while Professor Respighi, using a 4-inch telescope 
and less magnifying power, brought the corona to a ring 
something like 7' high. 

And here we have an important connection between 
spectroscopic and telescopic work. If we employ a tele- 
scope in which the light is small or is reduced by high 
magnification, we bring the corona to a definite ring, and 
perhaps here we have the origin of the ‘ring-formed’ 
coronas. 

Many instances of changing rays, like those seen by 
Plantamour in i860, were recorded by observers in whom 
I have every confidence. One observer noted that the 
rays revolved and disappeared over the rifts. 

We have next to deal with the polariscopic observa- 
tions. 

Mr. Lewis, in sweeping round the corona at a distance 
of 6' or 7' from the sun’s limb., using a pair of compen- 
sating quartz wedges as an analyzer, which remained 
parallel to itself while the telescope swept round, observed 
the bands gradually change hi intensity, then disappear, 
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bands of a complementary character afterwards appearing, 
. thereby indicating radial polarization. 

Dr. Thomson at Bekul saw strong traces of atmo- 
spheric, but none of radial, polarization, with a Savart. 
With the same class of instrument the result obtained by 
myself was precisely similar; while on turning in the 
Biquartz, at the top and bottom of the image of the 
corona, />. near the sun’s equator, faint traces of radial 
polarization were perceptible for a short distance from 
the moon’s limb. Captain Tupman, who observed with 
the polariscope after totality, announces strong radial 
polarization extending to a very considerable distance 
from the dark moon. 

Leaving the extreme outside of the corona as a ques- 
tion to be determined at some future time — and it can 
well wait — let us come to the base of the corona, and 
deal with the region to which I have already referred, close 
to the sun. 

What was the general conclusion at which we arrived 
on this important point ? Before I state it, let me tell 
you the instrumental conditions of the inquiry. We can 
use such a spectroscope as the one with which you are 
ail familiar, and so arrange matters that the slit shall be 
carried by a clock, so that it may follow accurately the 
edge of the moon ; but if the least variation in the rate 
of motion takes place, the observation is rendered almost 
valueless. But if we employ a spectroscope, in which we 
sum up the light— do not localize the light, but throw it 
together— it does not matter whether your clock goes well . 
or not, you are certain to have a result worthy of credit. 
But if you employ such an instrument as Professor Res- 
pighi employed, and abolish the slit altogether, the weight 
of any observations made with such conditions is very 
great 

Captain Maclear, who was observing with me at Bekul, 
has undoubtedly shown that when the light of our atmo- 
sphere is cut off by the interposition of the dark moon, 
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we see very many more bright lines than we do when this 
is not the case, the lines being of unequal height. 

Mr. Pringle, also at Bekul, showed that, at the end of 
totality many 1^«| flashed into one of these instruments, 
carried under tliese difficult conditions. 

Captain Fyers, the Surveyor-General of Ceylon, observ- 
ing with a spectroscope of the second kind, saw something . 
like a reversal of all the lines at the beginning, but nothing 
of the kind at the end. 

Mr. Fergussdn, observing with a similar instrument, saw 
reversal neither at the beginning nor the end. 

Mr. Mosely, whose observations are of great weight, says 
that at the beginning of the eclipse he did not see this 
reversal of lines. Whether it was visible at the end he 
could not tell, because at the dose the slit had travelled 
off the edge of the moon. 

Professor Respighi, using no slit whatever, and being 
under the best conditions for seeing the reversal of the 
lines, certainly did not see it at the beginning, but he 
considers he saw it at the end, though about this he is 
doubtful. 

From the foregoing general statement of the observa- 
tions made on the eclipse of last year, it will be seen that 
knowledge has been very greatly advanced, and that most 
important data have been obtained to aid in the discussion 
of former observations. Further, many of the questions 
raised by the recent observations make it imperatively 
necessary that future eclipses should be carefully observed, 
as periodic changes in the corona may then possibly be 
found to occur. In these observations the instruments 
above described should be considered normal, and they 
should be added to as much as possible. 

I had intended, if time had permitted me, to point out 
how much better we are prepared for the observation of 
an eclipse now than we were when we went to India, and 
how a system of photograph record should be introduced 
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into the spectroscopic and polariscopic work; but time 
will not allow me to do more than suggestions interesting 
topic. I am anxious, however, that you snould allow me 
one minute more to say how very grateful we feel for the 
assistance rendered by all we met, to V^HOch assistance so 
much of our success must be ascribed. I wish thus publicly 
to express the extreme gratitude of every one of our 
expedition to the authorities in India and Ceylon for the 
assistance we received from them ; and our sorrow that 
Admiral Cockburn, a warm and well-known friend to 
Science, who placed his flagship at the disposal of the 
expedition, and the Viceroy, whose influence in our favour 
was felt in every' region of India whither our parties went, 
and to whom we gave up our ship, are now, alas ! beyond 
the expression of our thanks. We are also anxious to 
express our obligations to the directors and officers of 
the Peninsular and Oriental* Company for the magnificent 
way in which they aided us. If they had not assisted 
us as they did. Science would have gained very much 
less than she has done from the observations of the last 
eclipse. 
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In the two lectures I delivered in this Theatre three years 
ago I endeavoured to bring before you some of the first 
results which had been obtained by employing a new 
method in solar research — that method, namely, which 
enables us to study now one little bit and now another of 
the sun. And in order to place these results as clearly as 
possible before you, I sketched the work which had been 
'lone since the invention of the telescope, remarking that 
since that time not only has the power of our telescopes 
increased, but we have had first one instrument of research 
and then another added, so to speak, to our scientific 
stock-in-trade. As I am now to place before you some of 
the results which have crowned the efforts which have 
been made to increase our knowledge of the sun during 
the last three years, I shall endeavour to connect the new 
work with the old this time, pretty much as I endeavoured 
to do upon the last occasion. Nor is this all. Such great 
advances have been made that it will be necessary for me to 
split up the subject, in order that the different lines of 
research may be the better understood, and that my own 

t , * Raised from the short-hand notes of two lectures delivered before 
October™^ Philosophical Society of Newcastle-upon-Tyne, in 
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chap* work will be the easier, for. I quite feel the difficulties con- 
xxv " nected with th#giving of such a general r&um<f of entirely 
new work over so large a field. 

Looking at the new results, then K from the spectrum 
point of view— that is, arranging theifi a» ; the spectrum is 
affected by the various solar phenomena with whioh the 
new method has familiarized us, we may group it as 
follows: — * 

Cia»£rs i. Variations in the positions of lines in the solar spec- 
tNttrum. tru,u (changes of wave-length), connected with changes 
** in the lines from dark to bright. 

2. Variations in the thickness of spectral lines (selec- 
tive radiation and absorption), and in the amount of con- 
tinuous absorption. 

A v ‘moment’s thought, however, will convince you that 
tHIa grouping is too general ; and that it will be better to 
deal with the solar phenomena themselves, and to state 
under each head the advances made. This I shall do, but 
it will be convenient to say at the outset one word speci- 
ally on the question of the changes of wave-length, as that 
comes in in every part of the inquiry. 

Changes of Wave-length. 

In my former lectures I stated the rationale of this new 
method of determining the velocities of the vapours in the 
solar atmosphere, and felt so certain about it that it never 
entered my mind that it could be questioned : it has been 
questioned, however, and it is my duty to record the fact. 
Rttpighi. Professor Respighi, an observer of great eminence, whose 
name you will often hear in the sequel, is inclined to attri- 
bute the phenomena observed to the disturbances in our 
air, or to the action of the heat of the sun’s image on 
the slit, but he here forgets that such a cause would affect 
all the lines in the spectrum, and not a few isolated ones 
only. In a later memoir the illustrious Italian admits 
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having seen the phenomena, but does not say wither he 
e t agrees with the explanation. Father-Secchi also for _ 
a long time discredited it ; while admitting that he had 
seen the phenomenon, he considered that too much impor- 
tance had been*' ascribed to it, as he said he observed it 
to take place all round the sun’s limb, and that a little 
reflection hid convinced him Jhat it was simply due to 
the effect <& the sun's rotation. He stated that he had 
observed displacements of ^ 0 of the distance from D‘ to 
D ! , and that such a movement was equal to over 300 
kilometres per second. He then proceeded to calculate 
the rate of the solar equatorial rotation, and made it 429 
kilometres per second — -a mistake of a most remarkable 
kind,. as it is over 200 times the true rate of that motion. 
This error was immediately indicated by Fizeau, where- 
upon Secchi hastened to correct it, at the same time stating 
that the true rate of 1.92 kilometres did not in any way 
invalidate his explanation, but, on the contrary, agreed 
better with the smallness of displacement observed by 
him, a displacement which be it remembered he at first 
stated could not be produced by a rate less than 300 kilo- 
metres per second. But I am glad to say that Father 
Secchi has now roundly stated his conviction of the accu- 
racy of my announcement. M. Rayet, also, in a memoir 
otherwise admirable from several points of view, has 
referred to my observations on the changes in question 
as “ les illusions de M. Lockyer but Professor Young 
from the first has observed and recorded phenomena ex- 
actly similar to those I described to you, and has from 
the first accepted my explanation of them. Still later, 
another astronomer, Dr. H. C. Vogel, of Bothkamp, has 
supported my views. So that now I think I am not 
saying too much in stating that this matter is quite 
established. 

I shall refer to the changes of the lines from dark to 
bright further on. 
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/. Connection with Planetary Cwjignrations. 

We will begin our more detailed consideration of the 
recent work with a statement of the progress made in our 
knowledge of sun-spots. These spots are already familiar 
to you ; and you may. also recollect that I referred to the 
^ • magnificent researches of Carrington and of the Kew obser- 
* vers, which have unfolded to us many facts connected with 
the origin and nature of them. I also told you that a 
discussion of the appearances presented by the spots had 
given rise to two distinct theories of their origin, and that 
a test of the most conclusive nature had been applied by 
the new method of research. 

spot It, was next pointed out that the Spot phenomena were 
pknsmma obviously located in a particular niveau of the sun’s at- 
certain mosphere, and that probably there might be conditions 
under which this particular level might vary from time 
to time. I also showed you that by carefully noting 
the lines, which are most affected by selective absorption, 
we could determine the particular vapours which were at 
work in doing the absorption for us, so far as the selective 
portion of it was concerned. And obviously, if wc had any 
change in the absorption going on in a spot — that is to say, 
if in one spot we get iron doing the absorbing work, and in 
another spot sodium, we should at once be able to separate 
the iron-spot, so to speak, from .the sodium-spot. And 
further, if we could locate in the sun’s atmosphere these 
particular vapours which cause absorption, by supposing, for 
Sodium instance, the sodium vapour to be higher up jn the solar 
""yin* a * mos phere than the iron vapour, then we should be justi- 
fied in assuming that a spot in which w'e saw* a great 
selective absorption due to the vapour of sodium was 
situated at a higher level in the solar atmosphere than one 
which showed very strong indications of iron absorption ; 
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an d similarly, if at££ne time we get iron perpetually 
brought befoflj§us in the spots, and at another time we get 
sodium, then, in those cases, we should get a difference due to 
time, as in the oth#t case we got a difference due to place. 
Further, I pointed out to you that from the hydrogen to 
the iron there was a running down in the rate of motion 
of the vapours, and that, associated with these indications 
of general and of varying selective absorption, we had very 
often a perfectly distinct phenomenon — that is, the sudden 
brightening of many of the lines in the spectrum : the 
lines of hydrogen, sodium, and magnesium, for instance. 

In what I said about the sun-spots I was careful to refer 
to the work of Carrington and Balfour Stewart, De La Rue 
and Loewy, work which has largely increased our know- 
ledge of the distribution and motion of the spots, so that 
our knowledge of the sun-spot curve— one of about eleven 
years period, during which we have no spots on the sun, a 
few spots, and then a maximum of spots ; coming back after 
eleven years to the period of no spots, or of minimum sun- 
spots again — is rapidly getting more exact. Our know- 
ledge of the true shape of this curve has, for instance, been 
increased by some researches of Wolf and Fritz, 1 from 
which it seems that instead of running over a period of 
eleven years and i-ioth, the period is only of eleven years 
and 7-iooths. That, you will say, is a very small matter. 
Another small matter, but one which in the long run will 
probably prove to be of considerable importance, is, that 
the descending part of the curve is always associated, and 
varies with the previous ascending portion of the curve. 
Moreover, the curve requires three years and a half to 
ascend and seven years and a half to descend. 8 So that 
when we have a period of maximum sun-spots, such as 
we had last year, we may expect the spots and associated 
phenomena to be much longer in running down than they 
"ere m attaining their maximum. 

a 1 Proc. JR. S. vol. xix. p. 392. 

ue La Rue, Stewart, and Loewy, Proc. R. S. vol. xx. p. 82. 
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chap. I must also refer to a very important confirmation of the 
xxv ; idea that sun-spots are in some way connected with plane- 

tary configurations, and it looks very much as if — l say 
it looks “as .if," because probably many of you will not 
consider the evidence as yet conclusive, — most of the 
phenomena depend upon some influence exerted by Venus 
an d Mercury. In a paper which has been communicated 
Mercury, to the Royal Society during the present year, the Ken 
observers show that the average size of a spot would 
appear to attain its maximum on that side of the sun which 
is turned away from Venus or from Mercury, and to have 
its minimum in the neighbourhood of Venus or of Mercury. 
In other words, dealing with the part of the sun-spot action 
which is due to Venus, if you lived on the planet Venus 
you would never see a sun-spot ; and dealing with that 
portion which refers to the planet Mercury, if you lived on 
the planet Mercury you would never see a sun-spot— so 
that as the maximum is to be found on the side of the sun 
which is turned away from Venus or from Mercury, naturally 
a minimum is seen in the neighbourhood of Venus or 
Mercury, as seen from the earth ; and the appearance and 
behaviour of this kind is so decided w r ith regard to Venus 
that the Kew observers have been able to take the observa- 
tions en masse — that is to say, all the observations taken by 
Carrington, and all the observations taken by themselves ; 
and they have been able to divide them into the Carring- 
ton observations and the Kew observations, and they lead 
absolutely to the same result, namely, that Venus and 
Mercury have something to do with the birth and death 
of the spots on the sun. 

II. Sun-spot Spectra. 

Let us next pass to spectroscopic work, and see Imw 
our knowledge has been advanced in the matter of sun- 
spot spectra. Is our knowledge of these phenomena much 
greater now than when I last addressed you ? Yes, it i$- 
But I should add that, as was to be expected, a great many of 
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the explanations of the new phenomena observed, which chap. 
have been given, not only in this part of the inquiry but „ xxv * 
in others, as you will see as we go on, have not been uni- 
versally accepted. For instance, instead of -referring the 
phenomenon presented by sun-spots to the continuous 
absorption and to the greater density of particular vapours 
in the sun. Father Secchi has announced that the change s Ucchis 

from the ordinary spectrum is due to the presence of vuw ' 

aqueous vapour in the sun-spots (see Note A). This con- 
clusion I have not been able to endorse. And it has also 
been stated by another Italian observer, Professor Respighi, Respighi s 
that the various selective absorption phenomena presented . 
by sun-spots may depend upon our instruments, and is 
not real. 

Passing from questions which have been discussed, we 
have a great deal of new work to place on record. 

You already know that the thickness of a spectral line 
is an indication of the pressure of the gas or vapour which 
is radiating or absorbing the light. For instance, if we Thinness 
consider the lines D in the ordinary- spectrum of any part thickness 
of the sun, in a spot we find these lines considerably thick- of tints = 
cned ; and if we get the vapour of sodium not absorbing, h 'f£ e su!™ 
as it does in the case of a spot, but radiating as it does 
in a prominence, we neither have the line of medium thick- 
ness, as you see it in the photosphere, nor of considerable 
thickness, as you see it in a spot, but of an almost incon- 
ceivable thinness. Now then, the spectroscope has afforded 
us evidence that the sun-spots are certainly not what they The 
were three years ago. The spectral lines over the umbra ^/Z^han 
and penumbra are very much thinner ; in other words, the it was 
indications of absorption, both continuous and selective, th,tt a p^ >s 
are very much less. Of course, in the telescope the record 
would run that the umbra and penumbra are much darker 
at some times, probably near the sun-spot minimum, than 
at others ; and in a conversation which I had with 
Mr. Howlett, one of our most indefatigable sun-spot obser- 
vers, on the question, some time ago, he stated it as his 

c c 2 
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impression that this is so. If a longer series of observa- 
tions endorses this, we shall have evidence that at one period 
the spots occur under conditions of greater pressure than 
at others. 

Hence we have added a new branch of research in our 
studies of the sun-spot cycle, quite independent of the 
mere number of spots upon the sun, and it is probably the 
best means that we have for adding new elements to those 
which we already know to exist in the sun’s atmosphere, 
and of determining a great many problems of the highest 
interest, not only' to the astronomer but to the chemist. 
But we have done very' much more than this. In this class 
of observations we have three main points to be attended 
to : first the lines which are thickened, as first observed by 
me in 1 866; next those which are brightened by prominences 
floating over spots 1 (April 1869), and lastly the indications 
of motion before referred to. 

Now with regard to the first point : to sodium, magnesium, 
&c. before mentioned, Father Secchi soon added calcium 
and other substances, and Professor Young has enlarged 
the list by the addition of titanium. 3 

In the case of the bright lines observed over spots, the 
bright lines are so much thinner than the dark ones, that 
the dark one may be considered as a sort of window, and 
in the breadth of the window, details of the prominence 
cloud can be seen. This phenomenon I had the pleasure of 
showing to Professor Roscoe on May 12th, 1869, having 
already got the hydrogen, eodiurn, and magnesium lines 
thus reversed. In the reversal of the hydrogen lines, 
I was soon endorsed by Father Secchi and Professor 
Young, both of whom later saw the other lines reversed 
also. In some observations with which Professor Young 
has enriched science on this point, he has given us some 
of the most beautiful detailed spectroscopic work with 

* I include these phenomena under the heading; of sun-spots, not 
because they arc limited to sun-spot regions, but because they 
generally observed there. 

* Journal oj (he Franklin Institute, July 1870. 
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which I am acquainted. Allow me to quote from these 

observations. 1 

On September 22nd, 1870, Professor Young saw the 
sodium lines D, and D 2 reversed in the spectrum of the 
utnbra of a large spot near the eastern limb of the sun. 
At the same time the C and F lines were also reversed. 

The figure gives the appearance of the sodium lines. In 
the umbra of the spot the D 3 line was not visible, but in the 
penumbra was plainly seen, as a dark shade, represented in 
the figure. 



Fig. iaa —Young'* observation of the reversal of the sodium lines over a spot. 

“ In the spot-spectrum the magnesium lines b v b t , and b 4 
were not reversed, but while the shade which accompanies 
the lines was perceptibly widened, the central black line 
itself was thinned and lightened.” 

In another communication he gives a large list of lines 
which he observed In several of the spots which then ap- 
peared upon the face of the sun. He states that once when 
the magnesium line b showed that vapour to be in a 
state of perfect rest, the included nickel line indicated 
enormous motion by the changes of wave-length which 
it underwent, from a cause which has already been com- 
pletely explained to you. 2 He then also states that, in the 
case of some of the spots he has succeeded with absolute 
distinctness in locating in the prominence near the spot the 
regions to which the various vapours were confined. Thus 

* Journal of the Franklin Institute, 1870, p. 23 2a. 

Communication to the Journal of the Franklin Institute , dated 
October 3rd, 1870. 


3 * 9 . 


CHAP. 

XXV. 


Reversal of 
sodium 
lines over 
a spot. 


Nickel in 
motion and 
magnesium 
at rest 



39 ° 


W, 

SOLAR PHYSICS. 


cnu*. the line in the yellow part of the spectrum, which some 
xxv - interested in these matters still consider to be a line due 
to hydrogen, was on ono occasion confined to the central 
part of a prominence over a sun-spot, while he saw the 
hydrogen lines extending far beyond this region. This is 
a piece of important evidence on a point which has been 
touched upon in laboratory' experiments, and in the last 
Indian eclipse, to which I shall again refer. I may’ here 
Culmtn i>/ add that we must now associate, 1 think, these bright pro- 
tiu sp'ti- n ,j ncnccs built up of vapours giving us various spectral 
lines, with the colours which now for many years past have 
been telescopically' observed on the umbrae of spots in 
Italy, America, and England ; and great credit is due to 
Father Secchi for giving great attention to this point in his 
recently’ published work. 

I will now pass on from the consideration of the spots, 
and in doing so, I must ask you to bear with me if my 
story seems too detailed, for as any branch of science ad- 
vances, the free bold strokes by’ which one may very' easily 
give a sketch of some of the main features, gradually have 
to give way to the detailed filling-in. 


Prominences. 

/. General Remarks. 

We come next to the question of solar prominences. 
On the former occasion I endeavoured to tell y’ou the 
story of the prominences, referring to the observations 
down to the American eclipse of 1869; and stated that, 
by means of the observations made during the Indian 
eclipse of 1868, the American eclipse of 1869, and by 
Mat truth the new method, the materials of these prominences 
tn'mi- ^ >een to a certain extent determined, that evidences 

«/« rr rtfV- of very great changes in the prominences had been 
urmintd. detected, that a method of observing the rate of move- 
ment of the prominences, both their wind-like movement 
along the sun's atmosphere, and their up-and-down move- 
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ment in the sun’s atmosphere, had been discovered ; and I 
also showed you that in addition to that, the new method 
mi\c us indication of a general welling-up of the lower 
vapours-— magnesium and iron, for instance — from time 
to time. And I also lastly pointed out that the promi- 
nences had been associated with a stratum which was con- 
tinuous round the sun. Now, although these conclusions 
have not all been readily accepted, I think we now may 
say that the facts which I pointed out to you in 1870 
have all of them been established. 

Prof. Young has succeeded in obtaining photographs 
of a protuberance, of which he has been good enough to 
forward me a specimen. It was obtained by attaching 
a small camera to the eye-piece of the telescope and open- 
ing the slit somewhat widely, using the hydrogen line 
near G. He adds: — “As a picture, the little thing 
amounts to nothing, because the unsteadiness of the air and 
the maladjustment of the polar axis of the equatorial 
caused the image to shift its place slightly during the long 
exposure of three-and-a-half minutes which was required, 
thus destroying all the details. Still, the double-headed 
form of the prominence is evident, and the possibility 
of taking such photographs is established.” 1 

At the present moment it is impossible to predict what 
the ultimate form of such researches will be, but it is clear 
that before long we shall have a photographic daily record 
of all solar phenomena. 

' The following is Professor Young’s account of his work, as com- 
municated to the Journal of the Franklin Institute, Oct. 3, 1870. 

“ The protuberances are so well seen through the F and 2796 (near 
0) lines, that it is even possible to photograph them, though perhaps 
not satisfactorily with so smalt a telescope as the one at my command. 
Some experiments I have recently made show that the time of expo- 
sure, with ordinary portrait collodion, must be nearly four minutes, in 
order to produce images of a sire which would correspond to a picture 
of the solar disc about two inches in diameter. This length of exposure 
demands a moire perfect clockwork than my instrument possesses, 
a more accurate adjustment of the polar axis than it had during 
toe experiments, as well as a steadier condition of the atmosphere. 
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chap. “ Thus far, therefore, l have not been able to.produceanything which 
xxv. could properly be called a good picture. Negatives nave beernmadv 

which show clearly the presence and general form of ptpth'l^ancc.s 

but the definition of details is unsatisfactory. This amodShlrWsuccess 
was reached upon September 28th, when impressions were obtained of 
two protuberances on the S.E. limb of the sun, and, llight'as this 
success was in itself, I consider it of importance in showing the perfec t 
feasibility of going much further with more sensitive chemicals, more 
delicate adjustments, and greater telescopic power. 1 was aided in 
the experiments by Mr. H. O. Illy, our local photographer, to whom 
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are due my warmest acknowledgments for the interest, patience, 
ingenuity and skill, with which he assisted me. 

“ We worked through the hydrogen y line (2796 of Kirchhoff’s scale) 
which, though very faint to the eye, was found to-be decidedly 
superior to F in actinic power. The photographic apparatus employed 
consisted merely of a wooden tube, about 6 inches long, attached 
at one end to the eye-piece of the spectroscope, and at the other carry- 
ing a light frame. In this frame was placed a small plate-holder, 
containing for a sensitive-plate an ordinary microscope slide, 3 inches 
bv 1 . 
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= ILPorms and "Classes of Prominences. 

Tb8f» is b °ne thing in which we have made progress, 
this is^jiat all the workers are now, I think, quite 



Tn,. 124.— Cirrus man* of Prominence# observed by Voung, Sept. 4, 1869. Point* at '* and 

. it very bright.* 




Fig. xa6.— A small forked prom iuence. 



F i<;. 127. — Cumulus Prominences like the fish mouth in the nebula of Orion. (Young, 4th 

Sept. 1869.) 



Ftft ttl. ""•Forms of Prominence*. (Zdltner . ) 


content to divide the prominences mainly into two classes, 
namely, eruptive and nebulous. This conclusion, which I 

* these drawings arc taken from the Jour nai of the Franklin In- 
s,,tute > October 1869, p. 287. 
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Fig, t*?.-~Form* of Fracmncacc* (Zftttner,) 



Fra ijol- F«rm* of Fromiirncft. (Vwing ) 

*. Sept. >8, 1869; a. Sept. « 9 , 1869; 3. Oct. 1869; 4. Oct 1, «#<*). 


5 


Fkj. t^f. — Form* of Prowiiwiwti (Yoiwig) 
a, 18^) ; ©. Oct- n« *869 i 7 Nov. 1869: 8. N 


t»v. 4.. i8«*o. 
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brought before you in the last lecture, has been accepted chai*. 

by Secchi, Zbllner, Sporcr, and by Young, 1 and also by _?* v ' 

Professor Respighi, wft. however, from his enormous study 
of the p ro m i nencdl^ne has carefully mapped and drawn 
not less than 7,000 — is inclined to sub-divide the eruptive ft, spiffs 
class into a great many sub-classes. tub-danu. 

III. Dimensions of the Protuberances. 

1 have just referred to the enormous number of promi- 
nences catalogued by Professor Respighi : I now propose 
to refer to his observations on their dimensions. 

After remarking that — 

“Our measurements do not generally give the true height of the Mtasure- 
protuberances, because often their lower part is more or less concealed menu do 
by the solar disc, and therefore it is only by those protuberances, the «<»/ always 
bases of which are to be seen on the circumference or near to it, that grot the 
the real height can be obtained*” tsue height. 

He adds;— 

“ In a long and continuous series of observations, since necessarily 
many protuberances are presented in the condition alluded to, so 
from the greatest heights observed the extreme limit may be considered 
as determined satisfactorily- — that is, the height to which these masses 
of hydrogen may rise on the solar surface/’ 

His evidence then runs as follows: — * 

“ In the whole courseof my observations I have never found a pro* Extreme 
tubcrance sensibly higher than 6', and very few of them approach that height. 
limit. 

** The protuberances Or jets which attain this extreme, and in general 
all great heights, are those produced by temporary or evanescent 
eruptions, which are developed at intervals in the locality of the spots, 
while in other protuberances, whether isolated or combined in groups, 
very seldom is the height above three minutes— about ten terrestrial 
diameters. A moderate number of them attain the height of very 
many more r, or more than thrbe terrestrial diameters. 

Without making a detailed statement of the protuberances ranged 
according to their apparent heights, in order to furnish some idea of 

r 1 r H bou ! ^ orty different prominences have been mote # less 
w. i y °hserved (from September to to October 3, 1870}, sixteen 
been sketched. Most of them fall naturally enough into the 
/v r g / ;* CS r estaobsbe d by Zdllncr and Lockycr.”- Journal of the 

Institute, 
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CH.\r. the .various activities of the solar eruptions, 1 will confine myself to 
xxv. giving the numbers of the protuberances which during the course of the 

I. — observations have attained or exettde4m height of t'.Of 2*, of 3' 0 f 

• 4', and of 5'; from which can be inferretfl*e degree of probability t„ 
be assigned to the production of phenomena WitWn the indicated 
limits. Taking into account only the protuberances observed in the 
general figure of the solar circumference in 2X3 profiles, and leaving out 
the small jets and protuberances observed and drawn in the partial 
figures, and in the uncertain or incomplete profiles, the total number 
of the protuberances is 7,449. 1 must observe, however, that this 
number is obtained by dividing the compound protuberances or the 
large groups into the chief component groups, and the protuberances 
composed of fine jets, into the chief clusters of which they consist. 

“ Besides this total sum we have 1,363 protuberances which have 
attained or exceeded the height of 1', which number may be divided as 
follows, according to their height : — 

From 1' to 2', number of the protuberances . . . 1,154 

.* ^ „ 3 ( ,, n „ **. 174 

»* 3 >* 4_ » „ ,, ... 27 

» 4 a, 5 «i » m ... 3 

K 5 1 » »• «*»*•• 5 

Per ,/ni- From these numbers, it is shown that of above too protuberances, 
ogt 0/ pro- about 18 attain and exceed the height of t'; of above 1,000, about 2S 
miueneti of attain or exceed the height of 2' ; and of more than 10,000, about 47 
attain or exceed the height of 3'. We must therefore consider 
heights. protuberances which exceed the great height of 4' as something quite 
extraordinary' or exceptional." 


IV. C fiaugc of Form. 

With regard to the enormous change of form in the 
prominences, to which I before referred, Professor Young 
has given a description even more startling than the 
one which I ventured to bring before you. You may 
recollect that I showed you the picture of a prominence 
some 40,000 miles high, which had been shattered to atoms 
in somejjUsjl minutes. 

ProfessorYoung thus gives an account of some changes 
observed during the autumn of 1870:- — 

Young's “Fife. i« i represents a small one which was observed upon the F. 
ofiterva- limb of j »i sun, on September 14th, about 4.30 P.M. From the 
Hem. point iriCHned ; 'A,' which was very brilliant, a small fragment detached 
itself and rose towards a', enlarging in site and growing faintej 
t as it rose. It disappeared (from faintness) in about 1 2| mrnutes, .1 
a distance of 2' 30'' above the limb of the sun, as determined by t» c 
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time 8‘S. which wap occupied by the intervening space in passing over 
the slit of thS Spectroscope, . ^lowing for the obliquity of the motion 
to the parallel of decltdplid&,‘*he length of path passed over by this 
cloud was more than 90,060 miles, and the velocity above 120 miles per 

second- 



FiG. 13a. — Rising of a. detached fragment. 


“ f«K - 1 33 represents a prominence observed September 20th, at 4 p.M.. 
on the S.E. limb. (Pos. S., 60’ E.) It was a neariy^ertical stream, 
made up of spindle-formed filaments, and had attained the enormous 
height of 3' 20" or 90,000 miles (determined, as in the case above 
mentioned, by a time-observation, corrected for inclination). It was 
very brillisfht near the base, and at two or three other points along its 



Fra r33*— FiUmemous prominence- 


l°ngth. At 4.30 it was nearly gone, only a few faint #isp^of cloud 
remaining. ‘ , 

“Another, observed on September 27, at 4- to p.M., and situated on. 
w - »mb of the sun, is represented in Fig. 134. It was formed of 
■eparate, well-defined, narrow streamers, which appeared to consist of 
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cm a i’, matter, first violently ejected, and then as violently deflected, by some 

xxv. force acting nearly at right angles. The altitude of the highest point 

was i' 25*, the length of the whole about .3*430*. I am unable to sec 
how any mere projection from the sun could liave produced such a 
form, and cannot help feeling that it indicates a something in which 
powerful currents may exist, even at such great elevations above the 
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solar surface ; in short, an atmosphere extending faf beyond the limits 
which calculation would seem to assign as possible/ Is it wholly 
utitkely that attach an enormous temperature the law of Mariottc 
may fail so completely as to destroy the reliability of any computation 
that assumes it as one of the data ? 

Chants 0/ ** Upon the next day the prominence still persisted, but its type was 

type. wholly changed : it was replaced by one of the mushrooqirtormed 
masses which are so common/ 1 1 J$* 

Professor Young has since told the story of another 
tremendous change of form. His description* is so vivid 
that I am sure you will wish me to quote it in extenso . 

Another u On the f th of September, between half-past twelve and two p. m. 
t.r ? v there occurred an outburst of solar energy remarkable for its sudden* 
ness and violence. Just at noon the w riter had been examining with 
the tdespectroscope an enormous protuberance or hydrogen cloud on 
the eastern limb of the sun. 

“ i t had remained w ith very little change since the preceding noon* 
a long, low, quiet -looking cloud, not very dense or brilliant, nor in 
any way rci^rkable except for its size* ft was made up mostly of 
filaments nearly horizontal, and floated above the Chromosphere with 
its tqjger surface at a height of some 15,000 miles, but was connected 
to tfcuafly the case, by thrfce dr four vertical columns brighter 

and morc active than the rest* Lockjrcr compares such masses to 
a banyan grove. In length it measures 3' 4.5*, and in elevation about 
2' to its tipper surface— teat is, smcc at the sun's distance 1" equals 
450 milcsjnearly, it was about 100,000 miles long by |4*ooo high. 

H At 1 was called" away for a few minutes, there was 

no in dicat fonof what was about to 'happen, except that one of t« e 

* Journal '^M^Franktin institute y November 1870. 

^ * Boston Journal of Chtmstry, November i$7 t» v ** P*. 
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literally blown to shreds by some inconceivable uprusn trom beneath 
In place of the tpiiet cloud, I had left, the air, if I may use the expres- 
sion, was filled 'with dying diiris »a mass of detached vertical fusiform 
filaments, each from io 5> to 30" long by 2" or 3" wide, brighter and 
closer together where the pillars had formerly stood, and rapidly 
ascending^*, ■ 

“ When I Sndl^kMdced some of them had, already reached a heitrlit 
of nearly 4' (100,000 miles), andT While I watched them they rose with 
a motion almost perceptible to the eye, until in ten minutes (t 05) 
the uppermost w«t^ j«oi^tha*t.g||^)oo miles ab$ye the soKir surface 
This was ascertained by carefiif;measurcmentT the mean of three 
closely accordant, determinaticww gwre f 49^as the extreme altitude 
attained, and I am paniculsu' in- (Wp stajpEnent ' because^ as . far as ]< 
know, chromospheric this cas&ijgi never 

before been observed at an hkHude tbmseoing/5'. * «wNek»city of 
ascent also, 166 miles perSecond^iS^ greajjpr thin any- 
thing hitherto recorded. when the 

filaments attained their fri|BtqK elevation ihay be obtained from 
Fig. 136. 
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• mvded down, as it were, along the solar surface ; later it rose almost 
cl " midally 50,000 miles in height; then Us summit was drawn out 
P>‘ ] on g filaments and threads which were most curiously rolled back- - 
1 "irds and downwards, like the volutes of an Ionic capital -, and ‘ 
fi'nllv i t faded away, and by 2.30 had vanished like the other. Figs. 

‘ a nd 138 show it in its full development ; the former Having been 
sketched at 1.4c* and thelatter at 1.55 ” ^ 

We begin with a height of 200,000 miles, and get 
0iat« entirely Wfwn to nothing in a matter of a few 
minutes ! A very rtftportant point remarked by Professor 
Young i» this prominence* is new. You may recollect 
I nfeij^i»4* that tfll.fefdctty, of the solar winds, deter- 
mined t>y^the the wave-length, was some- 
thing on thT •!& miles a second— not an 



hour, but a second ; Mat ^hei ordinary of 
the uprush, was something Hfce forty miles a second > but 
this promi nence was Jt^luteiy seen visibly by Profes- 
sor Young^jfeo rise ■a^^sretoc ity of 166 miles a second. 

0n thii^gue^jons ar^k which I have not time to enter 
into, but af|H ev«hts ^|hink we^Bay take this oblation 
of Pro %fOr^'oung , s as entire^ ^orsing and depol««ng. 
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« cha«>. if . I may so speak, tl^il^Cription whfch I ventured to 
* xv *^ give you of a Very sittfHaf ^eaomcnon which had been 
seen by myself. 1 

And then, again, as to^ftfehanges : What a«je the causes 
of these enormous eruptions or explosions? call, them 
what you ujjll — -these phenomena which seem perfectly 
overwhelming and bewildering in their vastness. This, 
U’iai is a of course, includes the question, What is>aa prominence ? 

Now on tJlis P°« lt there are several schools of opinion, 

rim s nr so to s i >ca ^' * or * nstance » Professor Sporer^aftd IVo- 
h'Zlt/ki lessor Respighi are inclined to attribute them tO electri- 
.v‘w cit - v ‘ Others maintain that tlieyfire simply* due to heat : 
that is to jsay, that you get a certain amount of heat 
changing place in the atmosphere ol the sun, and the 
changing of the place pf the ftcat is accompanied by a 
change of , the place of visibUit|gi v9dticb enables us to 
determine the existence* others, 

again, suppose that the prom^tt^ ane really ejections 
from the shn, or if you like to call them SO ig, extreme 
cases, absolute explosions below the niveau Of the photo- 
sphere.. V 

With respect to this question, Imayrelnark that some 
tirdd! ago, hi thiftk about April i^tov I was very much 
astpmdyi'||9 . when 

I ‘was ejbwhilihigf the ’dTiittfr that' the bright 

chromospheric line not o^ly intruded very much more 
than it g«^mHy dki P<l to ^ 1 had c,ose 

to it a phe^ienoh:i^'p||i|Ap®i3tcctly familiar, 

' which ‘l^lk!edSiiil^^i^Bii^^iiij||Nip|fationally— • - 

a it hough.' - about it, 

subject I saw 

The ^ suddenly a:lnzeng^i^|S^^|^fe(||it' due, I hold, to 

“ fjiStt, ‘i e " high-pressure bright absorp- 

tion appearing over hit, although, imiatoorption of the cool 
hydrogen had been entirely obliterated nearer the sun’s 
limb.%Wi*U, I gradually watch|d^|hisrJtozenget if you will 

allowjilc still to continue^ so, until it travdled 
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vc ry nearly to the edge of and, before it got 

quite to the edge of the* MjCsldse '<m one side of it, I 
saw what i had rtever seetf spd^dedly before, a tremen- 
dous alteration of wave-length the hMine,-*-the F line?' 
bcing deflected first very violently to the violet, and then 
as violently to -the ted end. Also, in the same locality, 

{ saw the F line birplcen into two parts — it was doubled. 
And what wa* going on while this wafs happening ? A 
prominence, obviously with its root sonie distance from the 
limb, had gradually travelled beyond the limb ; in appear- 
ance it became very much more elevated, and seen, as 
it were, in perspectiv^Over the limb ; but what I saw 
first was very rapidly changed, in a way th^tf would be 
explained by supposing that cyclones were being shot up 
into the solar air like bombs! t the changes in the F 
line were so rapid and curious. I was not observing with 
an open slit, so J at pnefe coined the term “motion forms,” 
because the forms observed did not in any way represent 
the shape of tjw? imminences. But the extrplne velocity 
can be imagined from the gr*jat departure of those bright 
lines from the stably i'lf&tsk line F, seen below them (Fig. 
149) ; and not only that, but we can think out the explicit 
charact^gpr this prominence action. They Were really 
in this-iit^ agm t-already stated, smoke rings thrown up by 
enormous circumsolar action. f There are indications of 
enormous motion in one mrecd^n, and there are enormous 
motions in another^.! watched the phenomenon fora con- 
siderable time >; i®w’ slit tangentially over 

the root of had travelled nearly, 

to the lim^;T sa^^^|j^|^#ji|i;pne lozenge, as we had 
to start with, we : 

Now, what does in mind that in 

all that has be<siitstab^:wl 1 |m(v« associated the thicken- 
ing or thinning of* on- both sides with an 
increase of pressui^you wilt see that in this lozenge 
'' c 1,avc a* very, (phii^^pM:k>n.,!|»f an actual upniSh of 
t >e high-pressure hyd fb^p> from the photosphere. 3 And 
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the fact that it is hydrogel? arid nothing else which i s 
thus emitted, is, I think, rendered evident by the fact 
that only in the hydrogen lines did you get this extreme 
Widening — this lozenge forttl, which is &losotgc and not a 
line, because the high-preleure hot hydrogen has heated 
and brought up with it hydrogen less dense, lying so 
to speak, on the margin of the solar crater. So that 1 
think that so far as this fact-— this scries of tacts — which I 
have ventured to bring before you goes, if my explana- 
tion is correct we have evidence for saying that for the case 
of this prominence, at all events, it was due to an uprush 
of high-pressure hydrogen ; and I should tell you at the 
same time that this lozenge was connected with a facula. 

The Facul.e. 

A most cursory glance at the sun shows us that the 
faculae lie generally over the sun ; that they are not confined 
to two main zones, like the spots, although it is quite true 
that they affect the spot-zones in the same way that they 
generally form walls round the spots. We know that wc 
have indications of less absorption in the case of the facula: 
than we have in the case not only of the spots, but of the 
general surface of the sun ; so that we have, so to speak, 
facula: at one end of the scale and spots at the other ; the 
general surface of the sun occupying the interval. The 
selective absorption increases from -the 'spectrum of the 
faculae to the spectrum of the deepest spot that you can 
get ; and if you will tbink the matter over a little, you will 
find that this accounf for the fact that the 

faculae are so tnticJi better seen near the sun’s limb than 
they are anywhere else, for although it is perfectly obvious 
to any one who considers the question, that the facula: 
must be as present! in the centre pT the sun’s disc as 
they are at the limb, they are best seen at the limb. The 
change in the amount of general absorption between the 
spectrum of a facula and the spectrum of the genera 
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surface of the sun is so it requires magnifying, 

so to speak, before it becomes apparent, and this magnifi- 
cation we get at the edge of the sun, where a greater 
thickness of atmosphere is brought into play. 

Hence we should hold thef faculae to be the higher 
cloud-domes, so to speak, of the photosphere. Since I 
last addressed ydu, they have been stated to be nothing 
but the permanent roots, so to speak, of prominences, and 
I shall have niorc to say about this by-and-by. But there 
is one point of great interest, namely, that the idea which 
has been started that the brightness of the faculae was 
due to the presence of bright prominences on the sun, and 
therefore associated with the presence of bright lines in 
the sun, has, I think, been entirely negatived, although I 
confess all the observers of these phenomena are not yet 
content to see in the brightness of the faculae merely a 
decrease in the general and selective absorption, which at 
times is so great that in the spectrum of a facula you see 
very often very many Fraunhofer lines of the solar spectrum 
disappear. The absence of continuous absorption, to 
which I strongly hold, has not sufficiently been brought 
forward among the evidence. Of course I do not affirm 
that bright lines are always absent, I only hold that re- 
duced continuous absorption is always present. The time 
has now arrived when the distribution of the faculae 
should be carefully studied, and I believe Father Secchi 
has already begun this branch of research. 

Tiie Base or the Solar Atmosphere. 

Having thus dealt very briefly with the new observations 
and ideas connected with spots, prominences, and faculae, we 
are now in a position to consider the present state of our 
knowledge concerning what we may call the base of that part 
of the solar atmosphere above the upper level of the photo- 
sphere. You may recollect that in my last lecture I stated 
that Dr. Krankland and myself had come to Hie conclusion 
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that the existence of any such* extensive corona as had been 
drawn by previous observers, — coronas extending beyond the 
«un two or three solar diameter^ was extremely improbable, 
and our reasoning was ba&|d upon these facts — facts 
as they then appeared to everybody. First of all, that 
hydrogen seemed to be the only'element normally present 
in those circumsolar regions, then being examined with all 
the freshness of novelty, the strange yellow line D 3 being 
considered as a hydrogen line, which for some reason or 
other we could not detect in our terrestrial hydrogen. 
Another idea was that the pressure was extremely small; 
another fact to be borne in mind was that hydrogen was the 
lightest gas known to us — the element with the least 
atomic weight, so that it seemed extremely improbable 
that anything could lie outside it ; and I told you by the 
way, and it shows you how careful one ought to be in all 
these things, that a certain line — that numbered 1474 on 
KirchhofFs scale — which had been seen by the Americans in 
the eclipse of 1869, was one of the most extraordinary 
indications we then had of the eruption of iron vapour 
to a considerable height in the prominences. Now, here 
the progress which we have to record is truly enormous. 
In the first place we begin with a low chromosphere, low 
pressure, and simple composition ; and I may say broadly 
that'we end with high chromosphere, high pressure, and most 
complicated composition. In the first place, we are perfectly 
certain now that the line D 3 has nothing in the world to 
do with hydrogen. On this head, in addition to the evidence 
furnished by Professor Young, to which I have already 
called your attention, and to other experiments of my own 
and Dr. Frankland's, I will refer to our eclipse work in India, 
which will at once convince you that the line Drhas nothing 
to do with the hydrogen. In Professor Respighi’s observa- 
tions which I hope to have time to explain to you more 
fully, 1 I will call your attention to the four arcs, one red, 
another yellow, another green, and another violet. 

1 .See p. 374, where these observations arc discussed at length. 
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These are the arcs seen by Professor Respighi, formed 
by the prominences and chromosphere which was about to 
be eclipsed. Now consider the three large rings, two 
of them mere continuations of two of the arcs, the one 
the red, the other the bluest he green ring being an inter- 
polation — of which more presently. I wish to point out 
that if the yellow, line were as much part and parcel of 
the hydroge.n spectrum as the red line and the blue line, 
we should have had here a yellow ring as well as the red 
ring, and the blue one ; but you see that the yellow ring 
has entirely disappeared, and the reason of that is that 
the hydrogen absolutely physically present in the sun on 
the i ith of last December did not give us that yellow line ; 
and therefore, I think, we may look upon that as the coup 
de grace to the notion that the yellow line is due to 
hydrogen in any solar condition whatever. 

Soon after the first discovery of the materials of which 
the new stratum round the sun was composed, it was 
stated by Father Secchi that separating altogether the 
hydrogen from the photosphere was a region in which 
there teas no hydrogen , but which gave us a continuous 
spectrum. Now all the work which had been done by 
everybody, excepting Father Secchi, who had taken up 
the question, went entirely in favour of the notion of 
the perfect continuity of the solar atmosphere from the 
highest point we could get at to the lowest point we 
could get at; and therefore I objected strongly to this 
stratum, whether it gave us a continuous spectrum or 
whether it did not, because I could sec the lines of 
hydrogen absolutely continuous up to the photosphere, and 
in the spots, so to speak, down to the bottom, because occa- 
sionally in the spots you got hydrogen lines thickened, 
although that usually is not the case. Hence I objected to 
this interpolation, considering that what Father Secchi 
called a real continuous spectrum might probably have 
keen an apparent one. As I remarked at the time, there 
is evidence of much reduced selective absorption, and 
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chap, some of the dariclines not altered in the facula spectrum 
X —l— even might be obliterated altogether because the slit in these 
delicate observations embraces both photosphere and chro- 
mosphere with their complementary spectra. The amount 
of change in these depend upon the complexity of the 
vapours in the part of the chromosphere observed, and I 
had obtained a great number of bright lines in the stratum 
of extreme thickness overlying the photosphere, in obser- 
vations made about that time. It was stated by myself 
that there Certainly was a great decrease inAe darkening 
of a great many of the lines when you came to examine 
very delicately the fine region close to the photosphere ; 
but others, as well as myself, were disinclined to agree to 
a true continuous-spectrum-giving stratum there, and my 
opinion is still unchanged although observations since have 
Gradually increased the number of lines at the base of the chro- 
'number ff mosphere, and therefore increased the number of elements 
ehrama- there, and therefore increased the pressure in this region. 
tf> iints. Let me just mention one or two of these obser- 
vations. In the first place, I was not long before I 
got a list of some 30 or 40 lines seen in this region. 
Professor Young shortly afterwards in the drier, and 
therefore for this work much finer climate of America, 
gave us a catalogue of 103 lines — a catalogue of extreme 
interest and value — in which he has for the first time, 1 
may parenthetically remark, detected the possible associa- 
tion of other bright lines with the strange line D 3 , which 
appear to be the representatives of some unknown material 
which is at present beyond our ken. Then, I myself, first 
of all, got a complete welling-up of magnesium and iron 
with a great many lines reversed all round the sun, as I 
Reversal of have before mentioned ; and then in a sharply defined 
nearly ail brilliant prominence it looked very much as if all the lines 
‘hoftrliius in the spectrum were reversed. Next, during the totality of 
during the 1 8/0, the reversal of nearly all the Fraunhofer lines was 
1S70 Znd observed by the distinguished American astronomer, Pro- 
1S71. fessor Young, and Mr. Pye — a young Englishman, who 
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was working with him. In the eclipse of 1871, the same 
thing to a certain extent was made out, at Bekul in India 
where I was, by Captain Maclear, who was armed with a 
very fine spectroscope ; and the spectrum of the base of 
the chromosphere was very carefully watched, as it gra- 
dually retreated, so to speak, along the limb of the sun, as 
totality came on. Under these conditions we certainly 
saw a very large number indeed of solar lines, extremely 
faint, and extremely short, but still bright, and not all com- 
ing up to tjh<^ame height. I may mention that ail the 
Indian observers did not get out this fact ; but still, 
taking the evidence as it stands, I think that the Indian 
observations, taken in conjunction with all the others, 
show there is a real increase in the number of lines in these 
lower regions as this lower stratum, which rests on the 
photosphere, is approached, and the hollows of which are 
doubtless filled with denser vapours still, for, of course, in 
the hollows and close to the exterior of the photosphere 
must the reversal of the dark lines be effected. 

Do we know anything more of the photosphere itself ? 
Nothing certain, but I may here mention but very briefly 
an idea thrown out by Professor Zollner, that in the photo- 
sphere there is a liquid layer some eight seconds below the 
upper niveau of the photosphere ; and he attributes to this 
the dark appearance of the nuclei of spots, and looks upon 
it as the region where all the pressure is put on to the 
hydrogen, after escaping which it bursts out in the tre- 
mendous way Professor Young and others have seen. But, 
unfortunately, if you examine Professor Zollner’s paper 
carefully, you will find that he has taken necessarily as 
data in his calculations, a great many of the facts which 
probably now will require a certain amount of recon- 
sideration. For instance, he has taken the pressure at the 
top of the photosphere as extremely low. Now I myself 
should not now be prepared to admit that extremely low 
pressure. 
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Of course the region we are now considering may not 
only be regarded as the base of the prominences, but as 
that in which tlve spot phenomena, if not quite are very 
nearly carried on ; and it may happen — I throw this out as a 
suggestion — that we shall find that as the spectra of the spots 
change from cycle to cycle — I have already told you the 
extreme difference in the spectrum of the sun-spots, as seen 
at different times — we may find that the same cause which is 
at work in raising and lowering the niveau of the spots, and 
in producing the welling-up of the magncswfltftnd iron, may 
have something to do with this extreme complexity of the 
chromosphere which has lately been determined, and it 
may be found that it will change from time to time. I 
may here refer to a photograph which I was able to take 
a few days ago of a part of the spectrum, which includes 
the two lines H — H* and H* ; — and although I do not at 
all state this connection as a final one, I think you will see 
that if we can associate any of the changes in the thicken- 
ing of the lines with any of the changes in any way- 
resembling a cyclical change in the sun, photography will 
prove a very valuable ally. If we compare the thickness 
of the two II lines in the photograph taken by Mr. 
Rutherford some years ago, with the thickness of the same 
lines as they were photographed only a few days ago, 
we find a considerable difference which I do not think 
arises from photography alone. You will acknowledge the 
extreme importance of photographing the spectrum, from 
what I remarked about the research generally, namely, that 
as we go on, we get more and more into details ; wc leave 
behind the region of bold lines and high lights, to come- 
down to minute work and more delicate shades. So in the 
case of solar spectrum it is no longer a question of the 
spectrum, it is a question of a line, and much now hangs 
upon the position and upon the record of any one line in 
the solar spectrum. When I tell you that in Angstrom s 
<hap of the spectrum, which is certainly the best and 
most laborious map which has ever been made, between 



THREE YEARS' WORK WITH THE NEW METHOD. 

these two very dark lines on the photograph, three only 
arc recorded where the photograph shows 43, you will 
recognize at once the importance of the new kind of record, 
in which if there is a change in a series taken, say every 
three months, such change cannot escape detection. 


The Limit of the Solar Atmosphere. 

We will dW carry our inquiries to a somewhat higher 
region — to §n«*t region of the sun's atmosphere, namely, 
which lies above those to which I then referred — the 
region of the corona. It will not take me very long to 
convince you that in the matter of our knowledge of the 
limit as well as of the base of the solar atmosphere, our pro- 
gress since I last addressed you has been enormous. You 
may recollect that I told you some three years ago that 
the Astronomer Royal, and a German Astronomer, who 
carries almost equal weight in his own country — I refer 
to Madlcr — after they had both of them viewed the 
eclipse of i860, and not only had seen the eclipse them- 
selves, but had had an opportunity which they had 
largely availed themselves of, of studying all the obser- 
vations made by the other astronomers who were there 
assembled, they, I say, came to the conclusion that the 
corona was a compound phenomena, part of it being un- 
doubtedly solar, as everybody, of course, was willing to 
admit, seeing that part of it had been seen time out of mind 
even before the sun was eclipsed ; but that part of it also 
was in their estimation not solar. Up to the eclipse of 1 860, 
we had not that truly unmistakcable record of the corona 
which wc have now. For instance here, again, is the picture 
of the corona seen in the eclipse of 1858, which I brought 
to your notice three years ago with the remark that one 
part of it was undoubtedly solar, but that about certain 
other parts there was still some considerable doubt. I 
IJ ext showed you the corona visible round the eclipsed sun 
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cHAr. in the year 1869, in America. In this we saw something 
xxv< different ; and here, in fact, has been <the difficulty in all 
these observations, that whether we deal With the flux of 
time, from eclipse to eclipse, or whether we deal merely 
with those differences which arise from change of station, 
we get such enormous changes in the pictures which arc 
presented to us, now by one eclipse, now by another, now 
by one observer, and now by another, of the same eclipse. 
From these causes the thing is very much more difficult 
than the ordinary beholder would imagine that it could be. 
In the drawings made by Plantamour in l%6o, we find 
chiiKgtti* another line of evidence, namely, that actual changes in the 
corona were observed to take place during the eclipse, 
v'c-- You may recollect that I told you that the result which 
Dr. Frankland and myself, in the laboratory, had arrived at, 
seemed to entirely agree with this line of thought. We 
did not quite see how with the low pressure which we had 
determined, on the assumption of a simple composition of 
the chromosphere, there could be any very large corona 
outside it ; that there was some corona outside was un- 
doubted. This might consist of the hydrogen obliterated 
generally by the illumination of our air, but that any very 
large corona existed outside seemed very doubtful. What 
then is the present view? what the change from 1870 to 
)/„„ 1 872 ? We have discovered that there is something outside 

t/( U!t °i t ^ le h y dr °g en ; that the chromosphere as you know, is more 
te uvr ‘ complex; that the pressure therefore is greater; and we 
have photographed a large corona which we know to be 
solar. So that unless some enormous change is going on 
in the outer limits of the solar atmosphere from year to 
year, or from sun-spot maximum to sun-spot maximum, 
the corona which has now been undoubtedly located at the 
sun by the observations we were fortunate enough to make 
in India ; the corona, I say, is certainly very much larger and 
takes a higher place in the solar economy than was formerly 
imagined. I may remind you that since the beginning o( 
1870 there have been two eclipse expeditions — one to Sicily 
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and Spain, in December 1870; another to India, in 1871. 
Unfortunately^ as most of you know, the weather in 1870 
was very bad indeed. The important fact determined in 
1870 by Professor Young was connected with the line 1474, 
the American observations of 1869 being endorsed and 
extended. It is the study of this line which has taught us 
the existence of some unknown element extending further 
from the photosphere even than hydrogen. That it is 
not iron, as was at first supposed, I have lately determined 
in a series of^esearches now about to be laid before the 
Royal Socie^. 

At the sanfl time that this line was observed to extend 
to a distance of 20' from the sun, the lines of hydrogen were 
observed eight minutes above the sun ; this was supposed to 
be due to reflection, or some similar cause. A comparison 
of photographs, taken in Sicily and Spain, seemed also 
to indicate in the apparent boundary of the corona, dark 
spaces called rifts, which have been acknowledged to be 
identical in the tu ? o photographs : this part of the corona 
was therefore solar. Now in the observations of the last 
eclipse we have determined that these rifts really represent, 
as it were, indentations into the solar atmosphere, reaching 
at times to a considerable distance. Moreover by a new 
method of research we were able to prove that hydrogen 
really exists to a height of some seven or eight minutes 
at least above the sun, far above the vividly incandescent hy- 
drogen which we can see by the new method without waiting 
for an eclipse ; so that this after all is only the base, a small 
thin layer at the base, of an enormous envelope of hydrogen, 
probably on the average twelve minutes high, according to 
the photograph, if we accept the photograph as belonging 
to the hydrogen as well as to any other materials. And this 
raises an important question : while in the photograph the 
edges of the corona arc seen quite jagged, the limit of the 
corona as indicated by the spectroscope was perfectly re- 
gular. There, again, is great food for thought, and it is a 
question about which we shall be able to speak with much 
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greats? certainty than it is possible to speak , now, after the 
experience of two or three more eclipses ; and we shall 
probably find it is associated with phenomena connected 
with a possible reflection of solar light by th,e materials 
of which the solar atmosphere is I qgj* only 

very briefly allude to this po'fcht, tit ,tl|jf . verdict, I 

think, is now final, although oscillating 

first one way and then another no\#4W%|jood many years 
on the subject. Dr. Janssen, the eminent French observer, 
who was observing in India not far from one of* our stations, 
was fortunate enough to detect in the sp£<5trym of the 
corona not only bright lines, as we all of us Had done, but 
dark lines which could only have been due to sun light 
reflected by something in the corona, and the polariscopc 
also indicated much reflection. 

Now then, accepting these photographs, and accepting 
these spectroscopic and polariscopic observations as giving 
us some just notion of the sun’s outer atmosphere, let us 
look at it a little more in detail. In the first place we 
have, let us say, twelve minutes high all round the snn a 
boundary more or less jagged, more or less circular, as 
you will — that will depend upon whether you accept the 
photograph as representing the truth of nature, or the 
spectroscope. We have then an atmosphere twelve minutes 
high, the outer portion being composed of something about 
which we know absolutely nothing whatever, except that 
it gives us a line in the green which independent researches 
have shown is not an iron line. Let ut, call that x' 
— you will see why presently. Then wc have also round 
the sun. at a height of, let us say, eight minutes, hydrogen. 
But here we must pause somewhat, and divide our hydro- 
gen into layers. We may undoubtedly divide it into two 
strata. Here you sec we approach the region and some- 
what, therefore, the language of geology : and probably 
we ought to divide it into three strata, but let us be con- 
tent with two. We have the hydrogen sub-incandescent, 
which we cannot see by the new' method, and the hydro- 
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gen jncandescgfit which we can, as its temperature is 
sufficiently great to make it excessively brilliant, so that 
we see it without waiting for an eclipse at all. Let us 
plade this t,\yo .jnihutes high. Below this, then, we have 
th e yell^ifce 'g^ing |Ub9tance, which is mixed tip with 
the lpvver 0 ;|^^r<^eWj^pbich^is very rarely seen above 
the hydrogCtCbut, is often seen low down, in such 

a way that we are perfectly satisfied it is not hydrogen. 
Let us call* this x. This probably may be placed one 
minute high.*' Then, from the observations on the base of 
the solar atmosphere, we have magnesium, and sodium, 
then barium hnd nickel, then iron, and a host of other 
substances, and travelling down from x', which gives us 
the 1474 line and exists at the extremes!, the most utterly 
distant, parts of the corona, right down through the solar 
atmosphere to the bottom of the deepest spot, we shall 
pass very much through the different substances in this 
order. Beginning with the 1474 element, we pass through 
the sub-incartdescent hydrogen ; deeper still we get to the 
incandescent hydrogen ; then we go through the D s ele- 
ment ; then we get into regions where the lines are 
generally mixed rather more together, but from which 
magnesium and sodium are generally ejected more fre- 
quently and higher than any other material ; then we 
get into the more doubtful zone of barium and nickel, 
sometimes sodium being thrown up, sometimes barium, 
sometimes nickel; and then we come lower down into 
what may be. called, so far as we shall ever be able to 
investigate the sun, the very bowels of our central orb, 
where we are certain to get iron, and we may get many 
other materials. 

I will finish the picture of the exterior portion of the 
solar atmosphere by referring to its structure. On the last 
occasion I showed some photographs of prominences which 
I had sketched, and I told you that the region of the 
prominences in the sun, reminded one almost, now, of a 
forest of banyan trees, and again, the chromosphere put 
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chap, on the appearance of an English l^dge-row, the promi- 
xxv ' nences looking like luxuriant elm^ That definition still, 
to my mind holds perfectly good. The Mnjcture is fila- 
mentous. When a disturbance is not jgoing^d^nstead of 
getting the eruptive form, in which the pjrotBtflefices are 
straight and dense, we get a nebulous appei^gfcn, : Now 
Ciwna, the whole phenomena of the corona may he defined in 
t' vo words, cool prominences. I examined the corona with 
first-rate optical power, and under first-rate atmospheric 
conditions ; I examined a large arc of it, and there was 
no part of the corona which I saw, which could not have 
been described as cool prominences; but in one part of 
the corona the line form, so to speak, predominated, and 
in another part the coronal masses got more and more to 
resemble those strange conglomerations which we see not 
only in some of the prominences, but also in some of the 
brighter nebula?, so much so that although I was not very- 
much excited, I still did exclaim, perhaps more loudly than 
its nft’uhr I need have done, that the corona looked like the nebula 
‘Pirns' °f Orion ; and there was one especial part of the corona 
which reminded me most vividly, even amongst all the 
excitement of those two minutes, of that exquisite draw- 
ing made by the late Sir John Hcrschel of the nebula 
round 17 Argils. Passing then from one part of the 
corona to another, we still remain in the region of cool 
prominences, but in one part we get the nebulous promi- 
nences represented, and in the other wc gradually put on 
the jetty appearance, so often chronicled by Respighi. 

The Chromosphere. 

You may ask. What is the relation of the chromosphere- 
to this solar atmosphere which we are now discussing ? 
My reply is that that is a question of definition. What we 
have to do now we know that the photosphere floats in the 
solar atmosphere, is to define the region above the photo- 
sphere. In the early days when the name was given, it ■ 
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into. t 
photosph 


looked or almost alqne extended 

rg, and the name was given to denote 
Region iriVhich a new world of phenomena 
’led to us by the new method. * We now 
f the reach of the new method there is a 
-hydrogen- and something else — what that 
hot yet know — but we have now to take it 
IV I proposed, therefore, that the terai 
•uld hold for all the solar material outside 
the chiomo^|ere, as its continuity was undoubted, leaving 
the word coteha for the mixed phenomenon, which we sjek 
when we can see it — that is, during total eclipses. But 
both Jahssen and .Respighi have considered this nomen- 
clature inadequate, and propose to restrict the term chro- 
mosphere to the solar surroundings visible by the new 
method, naming the exterior portion atmosphere coronale or 
chromosphere exterienre. I willingly yield, with the remark 
that the last of these terms seems to me to be the better. 
Accepting this nomenclature, then, we have — 

Exterior. 

. 

Interior. 

( Photosphere 

then, js the interior chromosphere ? It is un 
doubtedly a region which as a rule bounds the convection 
currents the sun ; it is a region where there is a sharp 
break ip temperatnriff : its hairy or cloudy outline probably 
somewhatupon the upper incandescent air. 


Solar atmosphere 




The 
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rapidly may be to another 
increase of our knowledge — as great as that we have 
obtained from those two eclipse expeditions, — I refer to 
some magnificent work done in the clear sky of Italy by 
i rofessor Respighi, which has taught us more about the 
movements of the sun’s atmosphere, by means of the new 
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cm up; method, and in a couple of short years, than we could pro- 
xxv - bably have learnt without it in thousands of centuries. 

What do we know already about the sun’s atmosphere ? 
In what has already been done we are Hnjtited espe- 
cially to the base of that atmosphere. We^ave been 
limited, so far as a complete and careftrf study a? h is con- 
cerned, to the phenomena of the spots. say 

roughly that the salient phenomena of the spotl^ffi some- 
thing like these : sometimes we have a great' many spots 
in the sun, sometimes we have very few : the time from 
a minimum to a minimum or from a maximum to a 
maximum is somewhat over eleven years, but there are 
longer periods still. 

.N/W zoru'$. But this is not all that astronomers have been able to 
Jell us about the distribution of the spots. The work of 
seven long years is recorded in Mr. Carrington’s book on 
the sun, and his plates show very clearly a fact that was 
gathered by the first discoverers of the spots, namely, that 
they affect certain regions. Let us draw a diagram of the 
sun, and represent on it the solar equator and the parallels 
of thirty north and south latitude. As the time of mini- 
mum sun spots — when there are no spots or very few on 
the sun — passes by, what happens ? We begin to see the 
spots putting in an appearance at -about latitude .thirty 
north, and thirty south. As the maximum is more nearly 
reached they gradually approach the equator the zone 
widens, and the gradual increase in the range Of the spots 
becomes very apparent : the spot zone, that iVto say, g ets * 
wider as it gets nearer the equator. We' Have therefore 
two spot zones — one to the north, and the other to the 
south of the equator ; the amount of spot frequency 
Increases rapidly, and at the same time the zone in which 
the spots mostly appear varies considerably. Probably 
•future investigation will show that these zones am not 
absolutely symmetrical with the sun’s equator. Here, then, 
we have roughly the outcome of a great many years o 
work on the sun’s spots— those sun-spots lying at the base 
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of the solar atmosphere. Now it is clear to you that if Chap. 
we could get anything higher up in the solar atmosphere, xxv ' 
(where the pressure must be much less, and where we 
know that, the changes are much more rapid) to render 
evident .to us exactly what is going on there ; and if from 

that there is a method in all the 
appan^^r«;gulariity ; it is obvious that we should bave 
in th$pi)^a much greater chance of being able to* get 
bodily ilto the secrets of these solar regions than wife 
should in any other way: If in the region of the spots 
it is extraordinary for a spot to change very much from 
day to day, and. if in the region of the prominences It 
is extraordinary if they do not change from hour to hour, 
it is evident that a very little labour will go a great way 
towards showing us first of all whether there is a law, or 
whether there is not a law, which regulates the apparent 
irregularity with which the prominences make their appear- 
ance ; and if there be a law, letting us know what that law 
is, • • • • 

Now, pre*eminent amongst the men who have worked at Rsfighi s 
this branch of* research, Professor Respighi must be uvr *' 
mentioned. I shall give you some idea of his wonderful 
Assiduity when I tell you that since the discovery of this 
hew method, he has already mapped more than 8,000 pro- 
minences, and when we come, as some of you do, to know 
exactly what that means ; that every day, or sometimes two - 
or tht^e time^f aday, you have'to bring the sun’s image on 
to the shj^plate of your spectroscope, and then carefully go 
round the ^hole limb of the sun bit by bit, carefully re- 
cording 'the pdsition and form of all the prominences, be 
they big pi|helhey little ; most carefully measuring their 

. j t ^11 b e perfectly clear to you 
that a labour of this kind is one of enormous magnitude. 

I have here a diagram which will show’ you the way in 
which such observations are recorded. The prominences 
may be mapped on a circle, representing the profile of the 
sun, with the north, south, east, and west points and the 
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position of the poles of rotation ; of they may be mapped 
along a line in each case beginning at the northern 
point of the sun, inserting the prominences at the proper 
degree, and then afterwards noting the exact position of 



the sun's equator and poles. In this graphic way th e 
history of every prominence is written down from day to 
day, if the weather be fine. You have now an idea of 
the enormous work which has been done by Professor 


Fiti. 140* — Diagram showing how the prominences are daily recorded. (Respighi.> 
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Respighi. And what then is the result of Professor 
Respighi’s labours ? Of the 7449 prominences which he 
observed from October 26, 1869, to the 5th of May of the 
present year — he found that 1,330 are below one minute 
high, 1,150 between one minute and two minutes, and so 
he goes on till hefinds only five exceeding five minutes 
in height. 

Then with respect to the frequency with which these 
prominences make their appearance. This part of our 
knowledge is to be got from Professor Respighi’s memoirs 
in two different ways. We have first of all the numbers 
of the prominences taken together, big and little ; and we 
learn from these what has happened with reference to the 
whole number of prominences visible. But in addition to 
thl^te had sorted out the more important prominences, 
thtparger, fundamental, ones ; and we have the information 
tabulated again with respect to them. In these diagrams 1 
1 have very roughly, but I hope sufficiently, shown you 
by means of zones, what Professor Respighi has found 
with reference to all the prominences on the sun’s disc. 
His observations began in 1869. I will read you the 
exact periods. The first began October 26th, 1869, and 
extended to the 30th of April 1870. The second period was 
from the 1st of May to the 30th of October 1870; the 
third period is from the 1st of November 1870, to the 
30th of April 1871 ; and the fourth period is from the 1st 
of May 1871, fo the 1st of September 1871. 

Now what - makes these diagrams so extremely impor- 
tant is the fact, namely, that they show what is going on 
in the prominences as we approach the maximum period 
°f sun-spots ; we get the prominence story while die sun- 
spots are working to their' maximum. Now, what is that 
story ? I have before told you that the rise of the 
sun-spot curve, is very much more rapid than its fall. 
Therefore, in May 1869, we were further from the sun- 

1 It has been found impossible to give these diagrams here, but 
they are not essential. 
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chap, spot maximum than we were a year after the curve had 
vvv : .. turned. What do we find? The equator being repre- 
sented by this centre line, let us examine the diagram 
containing the results of the first period of observation. 
North and south of the equator we get two zones, re- 
presenting a large number of prominences, which die 
away towards the two poles. The places where there are 
no prominences are the equatorial regions and the two 
poles. We pass on to the next period, and observe what 
a change in a few months ! The equator here is perfectly 
blocked up with prominences. The well-defined maxima 
have disappeared ; there are no longer prominence zones, 
there is an enormous prominence belt. I should tell you 
this does not represent the map of the phenomena with final 
accuracy, it is simply a rough sketch of what happens, and 
I have put the facts in their strongest form. In the northern 
hemisphere there is a distinct massing of prominences 
which we do not find in the southern hemisphere ; at the 
same time both the poles are free from prominences. We 
now approach another period — a period just before the 
maximum of sun-spots. Here we find the equator open 
again, and with the open equator,as before, we get a return 
of the symmetry of the prominence zones ; only, instead 
of two definite zones, as we had in the first period, we have 
four; and they are gradually creeping towards the poles. 
Here again, at the period of maximum of sun-spots we get 
the equator closed again, as it was before, and we also get 
the same lob-sidedness, so to speak, for there is a maxi- 
mum to the south not represented at the north side of the 
equator, in exactly the same way as when the equator 
was closed before, there was a maximum at the north 
side of the equator which was not represented at the south ; 
and there is another important point: the poles are not 
closed — the poles are now covered with prominences. 

I think you will at once see that we arc in the presence 
of a study which, if carefully carried on, cannot fail to tel 
us most precious truths with reference to the movements 
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in the solar atmosphere, and make us acquainted more 
accurately with the various cycles of solar activity. You all 
here are so interested in the movements of our own atmo- 
sphere, that I need not remind you that year by year, 
one might almost say day by day, the movements of our 
own atmosphere, from a planetary point of view, are 
necessarily intimately locked up with the sun’s activity ; 
so that the only proper way of studying meteorology is 
to begin, so to speak, at the fountaiii head, and study 
the sun. Mr. Meldrum, a distinguished meteorologist — 
who lives not in the temperate zones of the earth, where 
the meteorological conditions are irregular, but in the 
torrid zone, w r here regular meteorological phenomena, 
and among them cyclones, abound — tells us that it is 
no longer correct to merely associate cyclones with the 
tropics. He tells us that the whole question of cyclones 
is a question of solar activity ; and that if we write down 
in one column the number of cyclones in any given year, 
and in another column the number of sun-spots in any 
given year, that there will be a strict relation between them ; 
many sun-spots, many hurricanes ; few sun-spots, few hurri- 
canes. Only this morning I have received a letter from Dr. 
Stewart, who tells me that Mr. Meldrum has since found 
that what is true of the storms which devastate the Indian 
Ocean, is true of the storms which devastate the West 
Indies; and on referring to the storms of the Indian 
Ocean, Mr. Meldrum points out that at those years where 
we have been quietly mapping the sun spot maxima, the 
harbours were filled with wrecks, vessels coming in disabled 
from every part of the great Indian Ocean. Now that surely 
is something worth considering, because if we can manage 
to get at these things, to associate them in some way with 
solar activity, so that there can be no mistake about it, 
the power of prediction — that power which would be the 
most useful one in meteorology, if we could only get at it— 
would be within our grasp. 
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It would be a curious inquiry which we commend to those 
learned in statistics, to determine how many millions of 
observations have been made in the British Isles on dry 
and wet bulb thermometers, on barometers, and on other 
meteorological instruments. It would be a still more 
curious inquiry, seeing that the infinite industry displayed 
in these observations shows that the importance of the 
study of Meteorology is universally conceded, to determine 
why it is that meteorologists, state-endowed and otherwise, 
have, as a rule, been content to grope their way in the 
dark, and not only not seek to find, but persistently refuse 
the clue, which, if followed, would bring them into the light 
of day. When some one some centuries hence — thank 
heavens, we have always that to look to in all branches of 
research — comes to consider the work done by meteorolo- 
gists during the present century, lie will, unless he be some 
patient German Dryasdust determined to examine all 
minutes of Boards of Visitors, all Kew Committee Records, 
and the like, give up the task in the most Utter despair ; 
on the whole perhaps this is the best thing that could 
happen. 

Surely in Meteorology, as in Astronomy, the thing to 
hunt down is a cycle, and if that is not to be found in the 

temperate zone, then go to the frigid zones ,pr the torrid 
zone to look for it, and if found, then above all things 
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and in whatever manner, lay hold of, study it, record it, chap. 
and see what it means. If there is no cycle, then despair XXVI ' 
for a time if you will, but yet plant firmly your science on 
a physical basis, as Dr. Balfour Stewart long ago suggested, 
before, to the infinite detriment of English science, he left 
the Meteorological Observatory at Kew ; and having got 
such a basis as this, wait for results. In the absence of 
these methods, statements of what is happening to ^ 
blackened bulb in vacuo, or its companion exposed to the 
sky, is, for research purposes, work of the tenth order of 
importance. . 

I said the thing to hunt down is a cycle. Now it maybe 
asked, — Is there anywhere on earth a weather cycle ? but 
anyone who asks this question will at once answer it him- 
self : the question would certainly suggest the trade winds 
and monsoons, which are short-period cycles. But is there 
anything more than this ? 

When I was preparing to go to India last year to observe Cycle in 
the eclipse, Mr. Ferguson, the able editor of the Ceylon Ce > l » n - 
Observer \ who happened to be in London, was good enough 
(he was good enough to us all afterwards, and the Eclipse 
Expedition of 1871 have much to thank him for) to give 
me much valuable local information about the time of the 
year at which the monsoons broke up in the island. Nor 
was this all ; he added that everybody in Ceylon recognized 
a cycle of about thirteen years or so in the intensity of the 
monsoon — that the rainfall and cloudy weather were more 
intense every thirteen years or so. This of course set one 
interested in solar matters thinking, and I said to him, 

“But are you sure the cycle recurs every thirteen years ; 
are you sure it is not every eleven years?” adding as a 
reason that the sun-spot period was one of eleven years 
or thereabouts, and that in the regular weather of the 
tropics, if anywhere, this should come out. 

This conversation Mr. Ferguson thought fit to reproduce 
in the Ceylon Observer, and I have now lying before me a 
cutting from a number of that paper I saw in India (un- 
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chap, fortunately it is cut too much, for both date and writer’s 
xxv *' name are gone),* from which I make the following extract 

“The period is not thirteen years but eleven (as Lockyet states iO. 
In the tropics, or at least, here in Ceylon, where we enjoy the regular 
changes of the two monsoons, the basic period runs five or six years 
dry, and five or six years wet. These make eleven, and they form the 
medium cycle of M/w—the grand cycle of thirty or thirty-three years 
—being three periods of the eleven cycles. But 1 must premise here 
that though I adopt these figures as noting a general run of cycle, it 
is by no means to be expected that, always, these changes shall run 
with mathematical correctness in given grooves, for there may be 
thirteen at one time, and next eleven, giving a grand cycle of thirty or 
thirty-three years.” 

Lt will be seen, then, that those who are not professed 
meteorologists recognize not only the eleven-year period 
in the Ceylon rainfall, but possibly also a higher one still 
— that of thirty-three years. In the press of work that 
lias fallen upon me since my return to England, after my 
three months’ absence, I have been prevented from taking 
the opinion of my meteorological friends upon this most 
important matter ; but now there comes evidence on the 
question from an authority whose facts and opinions at 
once settle the matter. 

M- . Mel- Mr. Meldrum, of 'the Mauritius, to whom belongs the 
S honour of having established that the number of cyclones 
in the Indian Ocean and the West Indies varies with the 
sun-spot area, has lately attacked the rainfall of the 
Mauritius, Queensland, and Adelaide from the sun-spot 
period point of view, with results which are simply startling, 
although Mr. Meldrum very properly puts them forward 
to stimulate further inquiry, and not as final. 

Mr. Meldrum’s step from cyclones to rainfall is a very 
obvious one, because it is well known that cyclones are 
generally accompanied with torrential rains. The years, 
therefore, in which cyclones are most frequent should be 
more rainy than the years in which they are less frequent. 
But Mr. Meldrum remarks, in his paper communicated to 
the Meteorological Society of the Mauritius, “ to make the 

* Thanks to Mr. Ferguson's kindness both these have been .supplied 
.since. See note at end of chapter. 
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rainfall a fair test of the existence of a periodicity of 
cyclones in the Indian Ocean it would be necessary to 
know the annual rainfall over the same area for the same 
length of time. If such rainfall had no periodicity, we 
should have reason to doubt a cyclone-periodicity ; but if 
there was a similar rain-periodicity, it would, so far, be a 
confirmation of a cyclone-periodicity.” 

Accordingly, as it is impossible to determine the rainfall 
over the ocean, the law of the cyclones of which has been 
approximately determined, there remains but one course 
open, to observe the rainfall on the nearest points of land. 
This is as follows for the above-named stations:— 


BRISBANE. 

ADELAIDE. 

PORT 

LOUIS. 

Years, 

Rainfall 

Years. 

Rainfall. 

Years. 

Rainfall. 


Inches. 


Inches. 


inches. 



>839 

19*840 





1840 

24* 107 





I84I 

17*956 





1842 

20*318 





•843 

17 * 





1844 

16*878 





1845 

18830 





1846 

26*885 





1847 

27613 





1848 

19735 





1849 

25-444 





1850 

19-274 





1851 

30633 





1852 

27*340 





>353 

26*295 

.853 

39829 



1854 

15346 

1854 

39435 



1855 

23145 

1855 

42*665 



1836 

24921 

1S56 

46230 



•857 

21*156 

1857 

43-445 



1858 

21*522 

1858 

35506 



1859 

14-842 

1859 

56*875 

i860 

54-63 

i860 

19*670 

i860 

45- 166 

1861 

6944 



1861 

68*397 

1862 

28*27 



1862 

28*397 

1863 

68*82 



1863 

33-420 

1864 

47 00 



1864 

24 * 147 

1865 

24*11 



1865 

44730 

1866 

3724 



1866 

20*571 

1867 

61*04 



1867 

35-970 

1868 

3 S 98 



1868 

64*180 

i860 

54-36 



1869 

54‘575 

1870 

7906 



1870 

45*575 

1871 

45-45 



1871 

41*910 
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Now, we know, to start with, that the years of minimum 
and maximum sun-spot frequency were as follows : — 


Min. epochs 1833, 1844, 185 1857 

Max. „ 1807,1848,186 1871 (?) 


and Mr. Meldrum has shown that these years were also 
those of minimum and maximum cyclone frequency. Let 
us begin by examining the Fort Louis Observations, 
embracing nineteen years (1853— <1871). 

Taking the rainfall in each minimum and maximum 
epochal year, and in one year on each side o it, Mr. 


Meldrum gets — 

Yean 

Rainfall 

Total Rainfall. 

Min. 

{ Itfi : 

1*857 . 

. . 42*665] 
. . 46230 
• • 43*445 J 

* 133-340 


f*« 59 • 

• • 56-875 


Max. 

4 i860 . 

• ■ 45 *66' 

y 170774 


I1861 . 

• 68733 J 


f 1866 . 

. . 20*57 1 ] 


Min. 

*{ 1867 . 

• ■ 35 * 97 ° 

y 120721 


[1868 . 

. . 64180 J 



“These figures show a*marked excess of rainfall for the three years 
comprising the maximum sun-spot year (i860), which was also the 
year of maximum cyclone frequency. 

“ If in place of one year, we take two years on each side of the 
epochs, we shall get — 


Min. 


Max. 


Min. 


.1869 


Year*. 



Rainfall 

1854 . 



39*4351 

*»S 5 • 



42*665 

1856 . 



46*230 

1857 . 



43*445 

1858 . 



35 ' 5 ° 6 J 

1858 . 



35 *S °61 

*859 * 



56875 

i860 . 



45* *66 l 

1861 . 



68*733 

1862 . 



28*397 j 

1865 . 

1866 . 



4473 ° 1 
20*571 ( 

1867 . 



33 * 97 ° }• 

1868 . 



64180 


54 * 5/5 i 


Total Rainfall. 


207*281 


220*026 
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Here, again, a similar result is shown. It is not so well- chap. 
marked as the former one, partly owing, Mr. Meldrum xx . 1- 
suggests, to the rain-gauge having been removed in 1866 
to a temporary Observatory, where the rainfall was pro- 
bably somewhat greater. 

“ So far, then, as the Port Louis observations enable us to judge, it 
may be said that during the last twenty years there has been a rain- 
fall-periodicity corresponding with the cyclone-periodicity in the Indian 
Ocean south of the Equator, 

« This may be considered as confirmatory of the correctness of the 
cyclone period ; for if the rainfall at one station shows a corresponding 
periodicity, much more should a mean of the rainfall at many stations 
within the whole cyclonic area do so." 

Mr. Meldrum next passes on to the Australian observa- 
tions, remarking that, although Adelaide and Brisbane are 
a long way Outside the area for which the cyclone period 
was determined, there also the rainfall tables seem to 
point to a similar periodicity. 

The Adelaide twenty-two years’ observations give : — Adelaide. 



Yean. 

Rainfall. 

Total Rainfall. 


f 1843 . . 

. 17*I92) 


Min* 

{ 1844 

16*878 ' 

52*900 


(1845 

18*830 ) 



(1847 

27613) 


Max. 

< 1848 

>9735 > 

72792 


( 1849 

25 444 ) 


Min. 

( ‘85 

2 3'>45 ) 


J 185 

24*921 > 

69222 


(1857 

21*156) 



By taking five-years periods we get : — 

Minimum*. 100*076 inches. 

Maximum * 1 18*951 

Minimum » 106*090 „ 

We next come, to twelve years’ observations at Brisbane, Brisbane. 
for which science is indebted to Mr. Edmund McDonnell. 
Comparing them with the Mauritius observations for the 
same period, we cannot but be struck with a resemblance, 
which comes out still more forcibly when we take three- 
years periods, thus : — 
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Years. 

Port Louisa 

Brisbane. 


XXVI. 

i$6o 

«i66] 

> 

54-63) 



186* 

68733 

r 142 , 296 

69-44} 

1 S 2‘34 


1862 

28-397 ] 

i 

28-27 ) 


•863 

33 ’ 42 o] 

1 

6882) 



1864 

24147 , 

> 102-297 

47.00 [ 

»39 93 


1865 

44 730 ' 

1 

24 u ) 


1866 

20571 ) 


37.24 ) 



1867 

35-970 5 

1 20721 

6 t -04 > 

134-26 


>868 

64-180 ) 


35 * 98 ') 


1869 

54-575 ) 


54-36 ) 



1870 

45‘575 } 

141760 

7 9 06 > 

17887 


1871 

41 010 ) 


45 45 ) 



At both stations the epoch of minimum rainfall is coin- 
cident, or nearly so, with the epoch of minimum amount 
of cyclones, which is itself coincident with the minimum 
of sun-spots ; and that at, or near, the maximum of sun- 
spots and cyclones, we have also a maximum amount of 
rainfall. 

Mr. Meldrum’s important paper concludes as follows : — 

“From what has been said it will, I think, be admitted that at least 
a case of supposed periodicity of rainfall has been made out, and that 
it is highly desirable that the matter should be further investigated. 
This can be done chiefly by long-continued observation under the same 
conditions as to locality, size of gauge, &c., and perhaps to some 
extent by ascertaining, if not the actual rainfall, at least the years 
remarkable for the comparative absence or abundance of rain in 
former times. 

“ It should be remarked that some localities are probably much 
more favourable than others for showing the operation of a general 
law of this kind ; for there may be local causes aflec^^; rainfall 
so powerfully as to completely mask the effect of a weaker but more 
general cause ; and therefore it would be no proof of the non-existence 
of a connection between rainfall and sun-spots to show that the obser- 
vations taken at such and such places were not in conformity with the 
supposed periodicity. 

“ We should be inclined to think that the best mode of testing the 
matter would be to obtain records of observations carefully made for 
a long period in some of the islands of the Indian and .Pacific. Oceans, 
for example, far removed from the disturbing influenct^tf Continents, 
and then to take a mean of all the observations 

“The Adelaide and Brisbane observations would seem to. indicate 
a rainfall-periodicity altogether independent of a cyclone-pfriodicity, 
both being apparently the natural consequences of one and the same 
law. But It would be rash to say more at present, and I should wish 
it to be understood that the object of this paper is simply to stimulate 
further inquiry.* .•• • v. 
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the meteorology of the future. 

Since Mr. Meldrum’s results have reached me, I have 
tested the Cape and Madras rainfall, to see if the same 
result Is to be got from them, and with the following 
results: — * 



Cape. 

Inches. 


( 1847 

22‘4 ) 

68-6 

Max, 

41848 

23‘2 \ 


( 1849 

23 *Q ) 



( 1854 

20*0 } 

639 

Min. 

1 1855 

24 5 ( 


( 1856 

* 9*4 ) 



< 1859 • 

36*7 ) 


Max. 

< i860 

291 S 

91*2 


( l86l 

25 4 ) 



( IS66 

* 9*2 ) 


Min. 

} 1867 - 

22*9 \ 

62O 


(1868 

* 9*9 ) 


Max. 

i I869 
{ 1870 

32*3 \ 

. . 28*0 ] 

62*3 


From the Madras observations at my disposal only one 
maximum and idne minimum can be given 



Cape. 

I riches. 


I4843 

4 * 0 ) 

Min„ 

4 1844 

45 o> 125 


1 1845 

39 *o ) 


( *847 

8ro) 

Max. 

< 1848 

40*0 > i/> 


( 1849 

54 *o ) 


Surely here is evidence enough, evidence which should 
no longer allow us to deceive ourselves as to the present 
state of meteorology. A most important cycle has been 
discovered, analogous in most respects to the Saros dis- 
covered, by the astronomers of old. Indeed, in more 
respects th^n one, may the eleven-yearly period be called 
the Sarosi^; meteorology, and as the astronomers of old 
were profoundly ignorant of the true cause of the Saros 
period! so the meteorologists of the present day are pro- 
foundly ignorant of the true nature of the connection 
between the sun and the earth. 

What, therefore, is necessary in order to discover the 
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true nature of this neacws thinglf^m necessa ry, and 

they arc these. Ialjtbe wsit place,''#© must obtain an 
oeeinrate krii^ed^«ri|^ee#*eiitscff the sun, and secondly, 
we must obtainan hccurit^knowledge of the currents of 
the earth. The former of these demands the united efforts 
of photography and spectrum analysis^ and the , second of 
these demands- the of ..meteorology as a physical 

science, end not as Ptnere%oUection of weather statistics. 
When these demands are met — and in spite of the Mrs. 
Partingtons who are endeavouring tq* prevent this, they 
will soon be met— we shall have a Science of Meteorology 
placed on a firm basis — the Meteorology of the Future. 


[Note. — The letter to which reference has been made 
was written by Mr. Tytler, as I learn from the Colombo Ob- 
server of January 30, 1873, which contains more facts 
bearing on the subject. Mr. Tytler lays great stress on the 
cycle of about thirty years, pointing out that visitations 
of the horrible leeches of Ceylon and vast landslips 
occur this interval ; that the Sii|^Mtl«|e with their 
traditions, going back some 2,000 yeaihr believe in an 
“ Edorvore Kala ” and a “ Weyokala ” of thirty years or so. 

Mr. Mcldrum’s researches have been continued since the 
date of the article with unceasing assiduity, and he has 
Communicated further results to the Royal Society of 
London.] 
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OBSERVATORY WORK . 


First Paper. 

Spectroscopic Observations of the Sun, No. I. — By J. N. 

LOCKYER, F.R.A.S. Communicated by Dr. SlIARPEY, 

Sec. R. S. Received October u, 18G6. 1 

Tiie two most recent theories dealing with the physical 
constitution of the sun are due to M. Faye and to Messrs 
De la Rue, Balfour Stewart, and Loewy. The chief point 
of difference in these two theories is the explanation given 
by each of the phenomena of sun-spots. 

Thus, according to M. Faye,- the interior of the sun 
is a nebulous gaseous mass of feeble radiating power, at a 
temperature of dissociation ; the photosphere is, on the 
other hand, of a high radiating power, and at a temperature 
sufficiently low to permit of chemical action. In a sun- 
spot we see the interior nebulous mass through an opening 
in the photosphere, caused by an upward current, and the 
sun-spot is black, by reason of the feeble radiating power 
of the nebulous mass. 

In the theory held by Messrs. De la Rue, Stewart, and 
Loewy, 3 the appearances connected with sun-spots are re- 
ferred to the effects^ pooling and absorptive, of an inrush, 

1 Proc. R.S. vol. xv. p. 256, 

* Comptes RenduSy vol, lx. pp. 89 — 138. See Chaps. 4 and 5. 

Researches on Solar Physics.” Printed for private circulation. 
1 aylor and Francis, 1 865. See Chap. 6. 
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or descending current, of the sun’s atmosphere, which is 
known to be colder than the photosphere. 

In June 1865 I communicHt&d to the Royal Astronomi- 
cal Society 1 some observations (referred "to by the authors 
last named) which had led me independently to the same 
conclusion as the one announced by them. The observa- 
tions indicated that, instead of a spot being caused by an 
upward current, it is caused by a downward one, and that 
the results, or, at all events, the concomitants of.*the down- 
ward current are a dimming and possibfe vaporization of the 
cloud-masses carried down. I was led to hold that the 
current had a downward direction by the fact that one of 
the cloud-masses observed passed in succession, in the space 
of about two hours, through the various orders of bright- 
ness exhibited by f acuta , general surface, and penumbra. 

On March 4th of the present year I commenced a spec- 
troscopic observation of sun-spots, with a view of endeavour- 
ing to test the two rival theories, and especially of following 
up the observations before alluded to. 

The method I adopted was to apply a direct-vision spec- 
troscope to my 6) -inch equatorial (by Messrs. Cooke and 
Sons) at some distance outside the cye-piece, with its axis 
coincident with the axis of the telescope prolonged. In 
front of the slit of the spectroscope was placed a screen 
On which the image of the sun was received ; in this screen 
there was also a fine slit corresponding to that of the spec- 
troscope. 

By this method it is possible to observe at one time 
the spectra of the umbra of a spot and of the adjoining 
photosphere or penumbra; unfortunately, however, favour- 
able conditions of spot (i.e. as to size, position on the 
disc* and absence of “cloudy stratum”), atmosphere, and 
instrument are rarely coincident. The conditions were by 
no means all I could have desired when my first observa- 
tions were made; and, owing to the recent absence o 
spots, I have had no opportunities of repeating my obscr- 

1 Monthly Malices, Roy. Ast. Sac., vol. xxv. p. 237. See ante, p. 
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vations. Hence l should have hesitated still longer to lay first 
them before the Royal Society had not M. Faye again PAPER - 

recently called attention subject. 

On turning the-tclescope and spectrum-apparatus, driven 
by clock-work, on to the suit at the date mentioned, in '’o/ a .Tn- 
such a manner that the centre of the umbra of the small s f Jl - 
spot then visible fell on the’ middle of the slit in the 
screen, which, like the corresponding one in the spectro- 
scope, was longer than the diameter of the umbra, the 
solar spectrum was observed in the field of view of the 
spectroscope, with its central portion (corresponding to the 
diameter 6f the umbra falling on the slit) greatly enfeebled 
in brilliancy. 

All the absorption-bands, however, visible in the spectrum 
of the photosphere, above and below, were visible in the 
spectrum of the spot ; they, moreover, appeared thicker 
where they crossed the spot-spectrum. 

I was unable to detect the slightest indication of any 
bright bands, although the spectrum was sufficiently feeble, 

I think, to have rendered them unmistakeably visible had 
there been any. 

Should these observations be confirmed by observations Thtab- 
of a larger spot free from “cloudy stratum,” it will follow, 
not only that the phenomena presented by a sun-spot are probably 
not due to radiation from such a source as that indicated by tn,e - 
M. Faye, but that we have in this absorption-hypothesis a 
complete or partial solution of the problem which has with- 
stood so many attacks. 

The dispersive power of the spectroscope employed was 
not sufficient to enable me to determine whether the de- 
creased brilliancy of the spot-spectrum was due in any 
measure to a greater number of bands of absorption, nor 
could I prove whether the thickness of the bands in the 
spot-spectrum, as compared with their thickness in the pho- 
tosphere-spectrum, was real or apparent only. 1 

,1 ■ l rra< hation would cause bands of the same thickness to appear 
nnnest in the more brilliant spectrum. 
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first On these points, among others, I shall hope, if permitted, 
paper. j a y resu it s 0 f future observations before the Royal 
Society . 1 Seeing that spectrum analysis has already been 
applied to the stars with such success, it is not too much 
to think that an attentive and detailed spectroscopic exami- 
nation of the sun’s surface may bring us much knowledge 
bearing on the physical constitution of that luminary. 
For instance, if the theory of absorption be true, we may 
suppose that in a deep spot rays might be absorbed which 
would escape absorption in the higher strata of the atmo- 
sphere ; hence also the darkness of a line may depend 
somewhat on the depth of the absorbing atmosphere. May 
not also some of the variable lines visible in the solar 
spectrum be due to absorption in the region of spots? 

Can the and may not the spectroscope afford us evidence of the 
**rr tiithe existence of the "red flames” which total eclipses have 
"etii ( revealed to us in the sun’s atmosphere; although they 
^ nms. esca p C a ii other methods of observations at other times ? 

and if so, may we not learn something from this of the 
recent outburst of the star in Corona ? 

1 For a sketch of subsequent work on the Spot-Spcctrum, see 
Note A. 
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Second Paper. 

Brief Announcements. 

Notice of an Observation of the Spectrum of a Solar Promi- 
nence, by J. N. LOCKYER, Esq., in a letter to the Secre- 
tary. From the “Proceedings of the Royal Society,” 
No. 105, 1868. Received Oct. 20, 1868. 

October 20, 1868. 

SIR, — I beg to anticipate a more detailed communication 
by informing you that, after a number of failures, which 
made the attempt seem hopeless, I have this morning 
perfectly succeeded in obtaining and observing part of the 
spectrum of a solar prominence. 

As a result I have established the existence of three 
bright lines in the following positions : — 

I. Absolutely coincident with C. 

II. Nearly coincident with F. 

III. Near D. 

The third line (the one near D) is more refrangible than 
the more refrangible of the two darkest lines by eight or 
nine degrees of Kirchhoff’s scale. I cannot speak with 
exactness, as this part of the spectrum requires re- mapping. 

I have evidence that the prominence was a very fine one. 
The instrument employed is the solar spectroscope, the 
funds for the construction of which were supplied by’ the 
Government-Grant Committee. It is to be regretted that 
its construction has been so long delayed. 

I have, &c., 

J. Norman Lockyer. 

The Secretary of the Royal Society, 


SECOND 

PAPER. 


440 


SOLAR PHYSICS . 


second These results were announced to the Paris Academy of 
paper. Sciences by Mr. Warren De la Rue, in the following paper. 

Sur une mitkode employee par At. Lockyer pour observer en temps 

ordinaire le spectre des protuberances signaiies dans les iclibscs 

Males de So/eiL 

“J'ai eu le plaisir de communiquer h M. Delaunay deux Lettres 
relatives une ddcouverte d’un de mes amis au sujet des protuberances 
roses qui se voient pendant les Eclipses totales du Soleil. M. j. 
Norman Lockyer. en se servant d'un spectroscope constmit cxprfcs, a 
pu observer les lignes brillantes d’une protubdrance superposdes sur 
le spectre ordinaire, quand, en parcourant le bord du Soleil, Instru- 
ment se trouvait sur un tel objet. Cette ddcouverte a dtd faite le 
20 de ce mois.” 

Premiere Lett re. —A/. Balfour Stewart a AL li\ I)e La Rue. 

44 2i octobre 1 868. 

Air. “Lockyer a eu un triomphe; il a trouvd les flammes routes avec 
piil/htfr son nouveau spectroscope. 11 dit, 20 octobre : 

Sietikirt's 44 j 7 ai saisi une protuberance aujourd’hui avec le nouveau spcctro- 
letter. scope et obtenu les positions de trois raies : 

“ Une = C exactcment, 

44 Une a« F peu prds, 

44 Une, de 8 ou 9 degrds de Fechellc dc Kirchhoflf, plus rdfrangiblc 
que la raie IX” 

Deuxiime Let ire.— At* J. X, Lockyer a At, IV. De La Rue. 

44 Londrcs, 23 octobre. 1868. 

Afy second u Bcaucoup de rcmcrcimcnts pour votre bienveillante left re ct vos 
letter to fdlicitations ; clles sont une recomjxrnse bien suffisante pour beaucoup 
Atr. De la de travail et de patience. Je dis eda parce que, pendant deux ans et 
Rue. demi j’ai travail Id presque contre toutc cspdrance. 

14 Je m’etais contcntd pour 1 c moment d ’avoir envoyd une Note 
au Dr. Sharpev (Secretaire de la Socidtd Royale), et d’avoir an nonce 
inon observation h M. Stewart, qui, par hasard, passa chez moi 1c 
lendcmain du jour ou je Lai faite ; car je ddsirais compldter la 
chose, ou au moins lui donner quelquc extension avant d’en parlcr 
davantage. 

t4 Ndanmoins je ne puis que vous remercicr de ce que vous avez 
fait : la communication h 1 'Acaddmic par votre entremise aura pour 
moi une trts -grande valeur, 

44 J’ai dtd asscz heureux pour trouver encore la protubdrance hier 
matin (22 octobre), et j’ai conhrmd tout ; des raies (brilliantes) en C, 
prt-s de D et trfcs-pr&s de F. Certainement il n’y avait aucunc raie en 
B ni en b. Quant a la rdgion G, je ne Fai pas encore examinde. 

“J’avais lu la Note de M. Kayet, dans la nuit qui a prdcddc nion 
observ ation de la protubdrance, Je crus d’abord que je n’avais observe 
que trois raies, sur neuf clont Fobservation dtait possible. Mais en 
regardant de nouveau le diagrainme de M. Rayet, dans les fomptes 
readies, je crois que ce diagramme dclaircit Faffaire h un certain degr . 
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Vous verrcz qu Uldoune une longueur plus grande a trois rates ; je pen sc 
toutes 1 cs autres raies qu’il a vues viennent de ccttc partie tres- 
brillantc du spectre solaire ordinaire, que Ton voit quand on observe 
la region juste au del«\ du bord du Solcil. 11 me scmble que cette 
explication est d’autant plus probable que M. Rayet a observe avec 
une fente tr&s-large. Du reste, il existe dans le spectre solaire une 
region cxtrSmcment brillante, entre les deux raies les plus nffrangibles 
de b cxactement dans la position o£t M. Rayet place une raie courte ; 
il existe aussi une partie tris-brillante entre b et F ou il place une 

autre raie. 

“ En r£sum<5 : 

“ i° J’ai ddtennind trois raies : 

u 2° Rayet donne trois raies plus longues quo les autres ; 

“ 3 0 Tennant est sur de trois raies ; 

u 4 ° Hcrschel est sur de trois raies. 

“Il me scmble que les lettres de Hcrschel et de Tennant et aussi le 
tli a gramme de Rayet font voir que leur nomenclature repose esscnticlle- 
ment sur une estimation plus ou moins rigou reuse, et non sur des 
mesures ; aucun de ces Messieurs ne para it avoir pen sc a mettre dans 
le champ de son telescope une dchcllc faiblcmcnt illuminee. 

“Ainsi mes trois raies peuvent, apres tout, representer une plus 
grande portion du travail accompli que je ne i’avais d’abord imaging. 

“ Avec une fente dtroite, les raies ont etc vues jusquTt une petite 
distance sur la surface mane du Solcil. C est de beaucoup la raie 
la plus brillante, et Mine. Lockver a pu 1 apercevoir sans difficult^. 

“ Les raies se prolongeaient des hauteurs differentes au dela des 
bords du Solcil ; la rouge dtait la plus courtc. J ? ai meme pu me rendre 
compte de la forme de la protuberance qui a du etre celie qu'indique 
cette figure ; — 



Fig. 141. — My first prominence. 


k *i!^ Uan ^ ^ cnte a ajustde dc manicre & tomber sur a, la raie 
br <! v- e . sest f r °Mv<5e entierement sdparde du spectre solaire. 

Voici un autre fait : quoique C ct F soient considdrdes toutes 
deux comme dtant les raies de Fhydrogtne, dies n ? avaient pas ce- 
P S nt des longueurs dgales : la rouge s’approchait davantage du 

The reading of this letter was followed by a communica- 
tion from M. Janssen, received the same day. I cannot 


SECOND 

PAPER. 

Lines 

observed 



44 * 


SOLAR PHYSICS \ 


second refrain from printing this, and M. Faye’s remarks on both 
paper* ^ commun i ca tions, in this place : — 

Indication de quelques-uns des r/sultats obtenus h Guntoor , pendatn 
I fclipse du mo/s d' aotU dernier, et d la suite de cettc detipse. Lett re 
de M. Janssen d ill. le Secretaire PerpeiueL 


“Cocanada, 19 septembre 1868. 

M. * u J ’arrive en ce moment de Guntoor, ma station d'observation de 
Janssen's Fdclipsc, et je profile h !a hate du depart du courrier pour donner 
letter , \ FAcaddmie des nouvelles de la mission qu’elic m’a fait Fhonncur 

de me confier. 

“ Le temps me manque pour envoyer une relation ddtaillde ; j’aurai 
Fhonncur de la faire par le prochain courrier, Aujourd'hui je rdsurne- 
rai seulement les principaux rdsultats obtenus, 

u La station de Guntoor, a dtd sans doute la plus favorisdc : le cicl 
a dtd beau, surtout pendant la total it < 5 , et mes puissantes lunettes de 
pres de 3 metres de foyer m’ont permis de suivre Fdtude analytique de 
tons les phdnomenes de Fdclipsc. 

u Immddiatement aprds la totalite, deux magnifiques protuberances 
ont apparu ; Tune d’elles, de plus de 3 minutes de hauteur, hrillait 
d une splendour qu’il est difficile d’imaginer. L’analyse de sa lumiere 
nra immddiatement montre quelle dtait formdc par une immense 
colonne gazeuse incandescente, principalemcnt composde dc gaz 
hydrogene. 

“ L’anaJysedes regions circumsolaires,oii M. Kirchhoff place Fatmo- 
sphere solaire, na pas donnd des rdsultats conformes h la thdoric 
formuide par ce physicien il lust re ; ces rdsultats me paraissent 
devoir conduire h la connaissance de la vdritable constitution du 
spectre solaire. 

“ Mais le rdsultat le plus important de ces observations est la ddcou- 
verte d’une mdthode, dont le principe fut conqu pendant Fdclipsc inemc, 
et qui permet Fdtude des protubdrances ct des rdgions circumsolaires 
cn tout temps, sans qti'il soit ndeessaire de recourir h Fi interposition 
d'un corps opaque devant le disque du Soleil. Cette mdthode est 
fondde stir les propridtds spectrales de la lumi&rc des protubdrances, 
lumiere qui sc rdsout en un petit nombre de faisceaux trds-lumineux, 
correspondant h des raics obscures du spectre solaire. 

“ Dos le lendemain de Fdclipsc, la mdthode fut appliqude avec 
succds, et j'ai |>u assister aux phdnomenes prdscntds par une nou- 
vellc dclipsc qui a durd toute la journde, Les protuberances de la 
veille dtaient profonddment modi tides. 11 re&tait & peine quelqucs 
traces dc la grande protubdrance et la distribution de la matidre 
gazeuse dtait toute autre. 

“ Depuis ce jour, jusqu’au 4 septembre, j’ai constammcnt dtudid le 
Soleil k ce point de vue. ^ai dressd des cartes des protubdrances, qui 
montrent avec quelle raptditd (souvent cn quelqucs minutes) ces im- 
menses masses gazeuses sc ddforment et se ddplaccnt. Enfin, pendant 
cctte pdriodc, qui a dtd comme une dclipsc dc dix-sept jours, j’a* rc ~ 
cueilli un grand nombre de faits, qui s’ofTraient comme d'eux-memes, 
sur la constitution physique du Soleil. 
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« j e su is heureux d’offrir ces rdsultats k FAcaddmie ct au Bureau des 
Longitudes, pour rdpondre A la confiance qui m’a dtd tdmoignde et 4 
Phonncur qu'on m’a fait cn me confiant cette importante mission ” 

M. Faye’s remarks were as follows : — 

“ Je demande la permission d’ajouter quelqucs mots k Fexposd si 
lucide de M. 1 c President, pour expliquer la singulidre coincidence des 
deux communications qui viennent d'etre faites k FAcaddmie. 

« 11 est certain que Fidde premiere de la mdthode par laquelle M. 
Janssen d’abord, puis M. Norman Lockyer, sont parvenus, Pun aux 
Indes le 19 aoftt, Pautre en Angleterre le 20 octobre, k saisir par 
Panalyse spectralc et k mesurer des phdnomdnes invisibles jusqu’ici, a 
dtd imagine et proposde en premier lieu par M. Lockyer, mais clle 
n’avait conduit k aucun rdsultat. Tout ce qu’on pouvait conclure des 
premieres tentatives faites dans cette voic nouvelle diait une negation, 
quant k la nature gaze use des protuberances. Or cette conclusion, 
a priori peu admissible, a dii Jeter qudque ddfaveur sur la m< 5 thode 
clle-meme. Voilk ce qui nPexplique le peu detention que les obser- 
vateurs dc Fdclipse ont don no a cette mdthod e, publide depuis deux 
ans dans les Proceedings de la Societe Roy ale de Londres. Les astro- 
noines anglais eux-memes ont ndgligd d’en faire Papplication dans 
leur expedition des Indes k la suite de Peclipsc du 18 aout. 

“ L’insucces des tentatives premieres de M. Norman Lockyer (il est 
aisd de s’en rendre compte aujourd'hui) me parait tenir k ce que ce 
savant, dans Fimpossibilitd ou il dtait alors de prdvoir de quelles raies 
lumineuses sc composerait le spectre des protuberances supposdes 
gazeuses, ne savait sur quelles particularites delicates du spectre si 
complique des regions circumsolaires i) devait porter son attention. 
Cela est si vrai, que e’est seulement quand il a su, par les observateurs 
fran^ais et anglais de Fdclipse, la nature ddtaillde du spectre des pro- 
tuberances, qu’il a rdussi k trouver en Angleterre les traces de ce 
spectre dans cclui des regions voisines du bord du Soleil. 1 

1 L'idde de la methode a dtd exposee pour la premiere fois dans un 
Mdmoire communique k la Societe Royale, le 11 octobre 1866, sous le 
litre : “ Spectroscopic Observations of the Sun, by Norman Lockyer.” 
L'objet principal de ce Memoire « 5 tait l’etude du spectre des taches, 
mais Fauteur finit par ces mots: “and may not the spectroscope 
afford us evidence of the existence of the red flames which total 
eclipses have revealed to us in the sun’s atmosphere, although they 
escape all other methods of observation at other times ? and if so, 
may we not learn something from this of the recent outburst of the 
star in Corona?” L’auteur ne s’est pas contentd d’indiquer cette 
mdthode : il Fa appliqud avec persdvdrance pendant deux ahs k la 
recherche des “ red flames.” Malhcureuscment il aura sans doute 
perdu de vue FanaJogie qu’il avait si bien signald lui-meme, entre le 
spectre de Fdtoile merveijleuse de la Couronne et le spectre probable 
des regions circumsolaires occupdes par des protubdrances, analogic 
devenue si frappante depuis la dernidre dclipse. Aussi avait-il dtd 
force de conclure, par Finsuccds de ses premidres tentatives, k la non- 
gazditd des protubdrances. M. N. Lockyer a mdme reproduit tout 
rccemment cette conclusion en juillet dernier, dans un article que 
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“ Nous no saurions regretter quc I’elotgnemcnt de M. Janssen ait 
laisse k M. Lockyer ie temps de compiler, d'unc manRre indepen- 
dante, la d< 5 couvertc qu'il avail mt?diu< etiSi longtemps poursuivi. 
M. Fay is M. Janssen, de son cote, se trouvait on faccijy phcnom^ne r**v« 5 Iatcur 
remarks . de IVclipse ; il a su t’imerpr^er aussitdt ; il a rdussi, cn veritable 
maitre lui aussi, ct lc premier, decouvrir cc qu’on avait cherehe 
longtemps, mats infructucusemcnt avant lui. Si done la priorite de 
l idec appartient «ans conteste h M. Norman Lockyer, celle de la 
rdussite et de 1’application ffcondc revient de droit Janssen, car 
sans la distance, nouSraurions eu deux mois plus tot, ct par lui seal' 
ces re'vtflatians merveillcuscs sur les regions circumsolaircs. 

* s Mais au lieu tie chcrcher i partager, et par consequent h afiaiblir 
le meritc de la decouvcrte. nc vaut-il pas tnieux cn attribuer indis- 
tinctement 1'honneur emier K,ces deux homines de science qui ont eu 
separement ;i plusieurs milliers de lieues tie distance, le bonheur 
I’abordcr I’intangible et l invisible par la voie la plus dtonnante peut- 
ttre quc le genie tie I’obsen ation ait jamais compile r ” 


Supplementary Note on a Spectrum of a Solar Prominence. 
By J. Norman Lockvkr, F.R.A.S., in a letter to the 
Secretary. Communicated by Dr. SHARPLY, Sec. R.S. 
Received November 5th, 1 868. 

Vinunr SIR, — I have the honour, in continuation of my letter of 

tnr'U '?. the 20th ultimo, to inform you that I have this morning 
obtained evidence that the solar prominences arc merely 
the expansion, in certain regions, of an envelope which 
surrounds the sun on all sides. I may add that other 
facts observ ed seem to point out that we may shortly be 
in a position to determine the temperature of these circum- 
solar regions. 

I have, &c., 

J. Norman Lockyer. 


j’ai longuement discute sous d’autres rapports devant 1’ Academic 
(seance du 27 juillet 1868} : “ In the first place a diligent spectroscope 
sweeping round the edge of the sun has not revealed any bright lines. 
This is strong negative evidence that they are not masses of incan- 
descent vapour or gas: for as the light from such vapour or gas is 
almost monochromatic, it should be as easy to detect as that of the 
immeasureably distant nebula-.”-- Macmillan's Magazine, July I0O1, 
p. 254, and ante, p. 77. .See also Note B. 
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Spectroscopic Observations of the Sun, No. II. — By J. N. second' 
Lockyer. Communicated by Dr. Sharpey, Sec. R.S. PA1>ER - 
Received November 19, read November 19 and 26 , 1868. 1 

■ *. • 

Preliminary Remarks. 

In my first paper under the above title, kindly com- 
municated by Dr. Sharpey to the Royal Society in 1866/ 
was contained an account of the determination of the 
nature of sun-spots, by means of the spectroscope. The 
paper concluded as follows : — 

“ May not the spectroscope afford us evidence of the 
existence of the ‘ red-flames ’ which total eclipses have 
revealed to us in the sun’s atmosphere, although they 
escape all other methods of observation at other times ? 
and if so, may we not learn something from this of the 
recent outburst of the star in Corona ? ” 

Before the paper was written I had diligently swept 
round the solar disc in search of evidence of the red flames, 
but without result. This want of success I attributed to 
the excessive brilliancy of the spectrum of the circumsolar 
regions in the field of view of the instrument employed. 

I found in fact (although I did not discontinue my efforts) 
that both for these observations and for those on sun-spots 
more dispersion was necessary ; in one case to weaken the 
atmospheric light, in the other to widen the spectrum. 

I therefore represented my requirements to the Govern- Aid sought 
ment-Grant Committee, and was at once supplied with 
funds to procure a spectroscope of the requisite dispersive Grout. 
power. 

The construction of this instrument was commenced in 
the beginning of 1867 by Mr. Cooke, on a plan which 
had been arranged between us, but untortunately it was 

1 Phil. Trans. 1S60, p. 4:5. 

* Proceedings 0/ the Royal Society, vol. xv. p. 256. 



second never finished, Mr. Cooke’s^jl^lt^^ms then already 
J !y gE : ..,. failing, and last, .^ncl.%f (&- year, he begged 

Cause of me to consid^fipb order%^pceIIed. ||J^der these circum- 
inti? fire, stances, at tHe beginning miko present year I sought 
faration of the assistance of JH iv Btpwning ; jStit the construction was 
***** wj** further delayed, partly piuaccoiint oPa|t illness which 
necessitated my absence Jr<£fp England. ' * At last the 
instrument, which reflects griat credit on. Mr, < Browning’s 
slctll, arrived on the iSt%" ol[ October, l868 r ^ot quite 
complete, but in a conditio# Which enabled me to com- 
mence work. v 

I mention these facts, first to account for my apparent 
inaction, and secondly in order that the coincidence in 
time of my results with those obtained by the observers 
of the recent eclipse may not be misinterpreted. 1 

I began my work with the new instrument by con- 
tinuing my search after the prominences. I found that 
the circumsolar light was now so greatly reduced that 
although the lines were faintly seen on a dimly coloured 
background, the background itself was apparently dark 
enough to render a bright line distinctly visible. My first 
attempts, however, with the new instrument, not yet in 

* October ii, 1S69. It is important that I should he allowed fur- 

ther to emphasise this remark, for M. Faye, who was unaware of the 
date on which my new spectroscope was received, has stated (Com fifes 
Rendns, t. Ixvii. (*868), p. 840), “ L’insucc&s dcs tentative:* premieres 
de M. Norman Lockyer (il est aistf de s’en rendre conipt e aujourd'hui) 
me parait lenir h ce cjue cc savant, dans Fimpossibilit <5 011 il < 5 tait alors 
de prdvoir dc quelles raies lumineuscs so composcrait le spectre dcs 
protuberances supposees ga/euscs, ne savait sur quelles particularities 
dedicates du spectre si compliqud des regions circumsolaires il devait 
porter son attention. Cela est si vrai, qttc e'est settlement quand il a 
su f fiar les observateurs franc ni s et anglais de l Eclipse, la nature 
dfUaillce du spectre des protuberances, qifil a rtfussi h trouver en Angle* 
terre les traces de ce spectre dans celui des regions voisines du bora 
du soleil.” I think that the illustrious French astronomer, who has 
otherwise done me such ample justice, will not object to my pointing 
out this slight inaccuracy, due entirely to the fact that the first com- 
munication of my discovery was incomplete in its statement ot t ^ 
circumstances which attended it; The bright lines as seen m m) 
instrument are so obvious and brilliant that a child could not ovcrio 
them. — J. N. L., Octolicr 10, 1869. Sec also Note 13 . 
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adjustment, wereasf unsuccessful as those made with the second 
smaller one; and if ivas^ot till t|e 20th of October that, PAPgR - 
after sweeping fo^f|bonfe* an fyjtir rouniflhe limb and T he ' 
arriving at the vertex ttfil^e^itttage, near the -south* ehromo- 
pole of the sun, I saw*^ feright lne i ,flasfc into the field. 

My eye was sq,fetigued at th<? time thatfT at . jirst doubted 
its evidtittc& ? jtflbdugh, uncorilcid&sly, I exffaimed "At %u>Ur 
last!” The line, howeve^ remained — an exquisitely ,868 - 
coloured |ton.jabsolutely coincident; with the line C of the 
solar speapiin, and, as I saw* it, a prolongation of that line. 

Lea ving^ie telescope to be driven by the clock, I quitted 
the observatory to fetch my wife to endorse my obser- 


vation. 


Detail of the Observations. 

October 20. — Having settled that the new line was Search for 
absolutely coincident with C, I commenced to search ncw hna ' 
for more lines. This I found very difficult, as the instru- 
ment requires several movements and adjustments for the 
various parts of the spectrum, and the rate of the driving- 
clock was not properly adjusted for the sun’s motion ; the 
prominence was therefore lost at times; moreover the 
observations were impeded by clouds. 

I commenced the search for lines from C to A. B was 
first brought into the field with the newly discovered line 
at C. There were no new lines visible. I then made an 
excursion to A with no result, and returned to C to assure 
myself that the prominence was still on the slit. • 

I then worked from the line at C towards D. A little 
beyond D, the lines of which are widely separated in my 
instrument, I detected another single and less vivid line, by Remits. 
estimation 8° or 9 0 of Kirchhoff’s scale more refrangible 
than the more refrangible of the strongest D lines. I could 
detect ho line corresponding to it in the solar spectrum, but 
the definition was not good. 

b was next tried, the excursion now being made from the >■ 
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second new line near D. There was,noli:pe at ^though the new D 
FAPKR ~ line was still visible when returned to ifi 
Appear- In the same manner, larte| many interruptions from 
of tie f * clou<fe * 1 tricd F ; here I ^tt^anqjfier line. As at first 
%u i* the caught it was very lonjg£ and by moving the telescope very 
A 1 ’- sh'ghtly backward^and fonvards in right ascension, in one 
direction the ljpc shortened and brightened, and was visible 
on ti»e solar spectrum for some distance, in another direc- 
tion it became disconnected with the spectrum altogether. 
I wits hence able bo determ inot-roughly the shape and 
dimensions of the prominence. 

Pmticn <?f It was extremely difficult to fix the exact position of the 
i imto/ui. line at F, although I had had no difficulty or even cause for 
hesitation about the others. It seemed at times to lie 
athwart the F line in the faint spectrum, although at first it 
had appeared more refrangible, especially when it was 
visible on the solar spectrum itself. 

October 22. — Two days afterwards, I had another 
opportunity of observing the prominence spectrum, and of 
endorsing everything I had observed on the former occa- 
sion. With regard to the F line, I traced the bright line 
parallel to the dark line and outside it (<’. e. more refrangible) 
further than I did on the 20th, but once or twice I caught 
it inside F on the sun. 

I found that a narrow slit was best for D and F, as there 
are bright bands in the solar spectrum at those points. 
The lines were always visible with the usual width of slit : 
C was bright enough to allow the slit to be widened. 

On this day, as on the 20th, my attention was strongly 
/fright drawn to certain bright regions in the spectrum. 
in’sdar October 27. — On this date the prominence first observed 
spectrum, was no longer on the limb, I had to search therefore for a 
new one ; I found one on the eastern equatorial limb- 
The method of observation previously adopted was changed, 
and a mixed spectrum of the sun’s limb and prominence 
was obtained. The two spectra were in fact superposed. 

In the case of the line at C, the result was to absolutely 
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eclipse the dark line in the spectrum, and to replace it by a second 
vividly bright band (Fig. 8£). The behaviour of the F PAFEK - 
line was still a puzzle to me. In the spectrum of the Remark. 
light proceeding from- the exact limb of the sun the “bn be- 
bright line was seen more refrangij||p than F, (Fig. IOO,) 
but in the spectrum of the prominence at some distance 
above the sun the black line F was eclipsed. This 
experiment, which I repeated several times, seemed* in 
a measure to explain what I had before observed ; and 
under this date I entered in my note-book, “It appears 
that away from the sun’s surface the substance gives 
out less refrangible light than it does when apparently 
at the surface.” 

November 5.— -The next observations were made on 
this date under superb atmospheric conditions, and after 
an important alteration had been made in the instru- 
ment, enabling me to make the several adjustments with 
the utmost nicety. 

After the adjustments to the sun’s limb had- been made, 

I at once saw what I imagined to be the indication of 
a small prominence, and Swept for a development of it, 
thinking that the portion observed might be one of the 
loops or lower levels which generally separate the higher 
peaks. Having swept for some distance on both sides the 
region on which the telescope was clamped in' the first 
instance, and finding everywhere the same uniformity 
of height, it at once struck me that I was in presence 
of something new, and that possibly what I was seeing 
might indicate a solar envelope. I rapidly, therefore, 
tried several other parts of the limb to test the idea- 
It was soon established. In every solar latitude both the C 7^ C ami 
and F bright lines were seen extending above the solar 
spectrum. The spectrum near D was so bright that I was tv fZM ar 
compelled to refrain from examining it, but I caught A . 
the line near D once. The thickness of this envelope I 
found to be sensibly uniform, except in the regions where 
>t was heaped up with prominences. 

G G 
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second The spectrum of the envelope cleared up all the 
rAPKR ~ difficulties connected with the F line. Perfect definition 
7 *< F line and adjustment now enabled me to see that the base 
w }£ em u as of the bright*line widens out as the solar spectrum is 
approached, and that ‘whereas the line, away from the 
preached. S un, corresponds, in the case of an ordinary prominence, 
in refrangibility and thickness to the Fraunhofer line F, 
close to the sun it widens out, so as to overlap the F line on 
both its sides to an extent about equal to its thickness, so 
that it is three times broader, or perhaps more, on and 
close to the limb. 

In the spectrum of a prominence in which violent action 
was going on the line thickened out in the same manner at 
some distance above the limb (Fig. 91). There was 
no thickening observed in the C line at the base, or in 
the case of the phenomenon just referred to. 

I obtained on this day the outlines and dimensions of 
two prominences. . ' 

November 6. — The observations made on the preceding 
day were confirmed, and one of the prominences reobserved. 
I also suspected a new line a little less refrangible 
than C. 

November 8. — The line suspected on the 6th was seen 
several times to-day, It came ou| beautifully with very 
varying brilliancy and even colour, to judge by appearance 
and impressions. It is very much thinner than the bright 
A compa - line C, and seems only to flash out where great action 
*C ’’lined? * s f»°* n £ on > which slightly thickens the C line at its base. 
tected. It is so near the C line that when both are shining brilliantly 
the line looks a double one, like D in a spectroscope of 
moderate dispersive power. 

Bright To-day for the first time I got definite evidence of what 
h ”htZur * had suspected on several occasions with regard to 
tpaZum. different parts of the spectrum. A bright line was observed 
in the solar spectrum itself, a little less refrangible than the 

line C. 
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. On the Spectrum of the Prominences. 

The existence of three lines in the spectrum of the 
prominences and their approximate positions were deter- 
mined and communicated to the Royal Society on the 
20th of October. 

The coincidence of one of the lines with the solar line C 
was at once determined. 

The coincidence of another line with F at a certain 
distance from the sun’s surface was finally determined’ on 
the 5th of November, when the fact of the widening out of 
the lines towards the sun was discovered. 

The exact position of the line near D is shown in Fig. 
87, in which it is laid down from the mean of three 
careful micrometrical measurements made under far from 
good atmospheric conditions on the 15th of November. 
In KirchhoflPs map .the new line falls in a region where 
no line was measured by him. I may also add that, 
by the kindness 6f Mr. Gassiot, I have been enabled to 
inspect the very elaborate maps of the spectrum con- 
structed at Kew Observatory. The measures above given 
make the new line fall between two lines of almost in- 
conceivable faintness ; in Mr. Gassiot’s map, indeed, there 
are none but such lines for some distance on either side of 
the region in which tfte new one falls. 

On the 8th of November the existence of another line 
was definitely established ; its position in the spectrum 
is slightly less refrangible than Fraunhofer’s C. 

Unlike the other lines, which are seen in all prominences, 
this line is only visible at times, being rendered^ so appa- 
rently by the presence of certain conditions which are not 
permanent. Intense action going on in a prominence will 
sometimes render this line visible : I am not, however, pre- 
P are d to say that this is always the case. The line when 
visible is much more variable than the others 1 at times it 
is the mere ghost of a line, at others it rivals the C line 
in brilliancy. ' 

G G 2 ; 
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Of the three lines C is generally more brilliant than F • 
but I should add that it is difficult to determine the re- 
lative brilliancy of the lines because they are never seen 
together in the field of view of my instrument. The 
relative brilliancy of the line, near D, I am not sure about 
because its situation in the brightest portion of the spec- 
trum not only renders comparison difficult, but renders 
any conclusion which may be formed little worthy of 
confidence. My observations so far (November 16th) in- 
duce me to ascribe great variability, not only to the 
absolute, but to the relative, brightness of the lines. One 
instance is of the utmost importance. On the 5th of 
November, in sweeping round the sun with the F line in 
the field of view, I came across a prominence in which 
action of the intensest kind was evidently going on ; the 
light and colour of the F line were most vivid, the lumin- 
osity of the line was greater than that of any part of the 
solar spectrum then visible in the field (Fig. 91). The ac- 
tion was not general, but limited to certain points, as if 
the prominences were built up of clouds, and the action 
was intensest at their centres ; where the light was most 
vivid the spectrum widened out to almost the same extent 
as at the base. 1 The C line exhibited all the variations 
of brightness, but they were unaccompanied by any very 
decided widening of the line. The spectrum was too 
bright to observe the effect on the line near D. 

On the Dimensions and Forms of the Prominences. 

The prominence first observed on- October 20th on the 
(true) southern limb of the sun was an exceedingly fine 
one ; its shape, as determined by sweeping the slit over it 
was as represented in Fig. 141 : its apparent height was 
about 3'. I did not stop to measure it more accurately. 
This prominence was not so visible on the next day 

1 This might bavebeen an effect of irradiation, but I can scarcely 
think so. 
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of observation ^the 22nd), as the sun’s rotation had carried 
it on to the disc. 

On the 5th of November 1 obtained the outline jof two 
brilliant prominences, one near the southern, the other 
near the northern limb of the sun. The extreme (measured) 
apparent height of one was 35,000 miles, of the other 
somewhat less ; the former I estimated to extend along the 
sun for about 200,000 miles. The shape of the southern 
prominence had changed considerably by the next day, the 
bright peak being quite gone ; at the same time the length 
of the main portion had extended as if the peak had been 
absorbed into it. 

The prominences therefore change from day to day ; at 
present I have not measured any more rapid change, but 
these observations are of so delicate a nature that it is 
easy to imagine rapid changes to be going on in any 
prominence of decided outline ; for an error in the adjust- 
ment of the instrument With regard to the meridian or 
latitude, the least variation in the rate of the driving-clock, 
or any oscillation of the telescope-tube or the spectroscope, 
brings the slit on another part of the outline of the 
prominence, and under these circumstances the length of 
the line is perpetually varying. 

It must be borne in mind that the dimensions of the 
prominences cannot be determined absolutely, as we do not 
know whether they are, actually on the sun’s limb at the 
time of measurement. Measurement can only fix a 
minimum. 

On the Continuous Solar Envelopes, 

The continuity of this envelope, which I propose to 
name the chromosphere, a name suggested by Dr. Sharpey, 
was spectroscopically established on the 5th of November, 
and an account of the observations was transmitted to the 
Royal Society on the samet day. 

By careful estimations made on the 6th of November 
(which are estimations only, for I had not yet mounted 
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second a wire-niicroineter on * the spectroscope-telescope), its 
-i TAr ^ . . general thickness was determined to be about 500b Hailes ; 
Tht, t'kro- the level of its upper surface was not absolutely uniform in 
all latftudes,*but,,it was very nearly so. I could detect 
04. difference in the general level between the equa- 
tonal and solar regions of the surli f^ * 

It would appear that the light by which its existence 
is revealed proceeds from the same substance or substances 
of which the prominences arc composed ; and I hold the 
prominences to be merely the heaping together of the new 
envelope in some localities. 

Under proper instrumental conditions the spectrum of 
this envelope can always be seen whenever the sun is 
shining. The spectrum consists of a line coincident with 
Fraunhofer’s C, another more refrangible than D, and 
another coincident in the main with F. I say coincident in 
the main, because when the spectrum of the envelope 
is viewed so that it appears to rest on the solar spectrum, 
the line at K takes the form of an arrow-head (Fig. 
88), the shaft of the arrow being represented by the 
The F line black line F in the solar spectrum itself. This results 
thkk'.vti fr° m a thickening out of the line as it approaches the 

9f tht7imb sun ‘ ^ t * lc outer sur fece of the envelope the refran- 
* nm ’ gibility of the light is the same as that of the line F; 
but, as the sun’s surface', is approached, the line widens 
gradually into a band overlapping F by more than its own 
thickness on either side, and more on the more refrangible 
side than on the other. The black line F also loses its 
thickness as it approaches the boundary of the spectrum. 
The amount of widening at the base is subject to variation. 
C em.i n In the spectrum of the chromosphere this widening at 
tmfthkk. ^ aSe » not generally observed either in the line at C or 
in that near D, 

None of the lines stop sharply • they ill fade out as the 
limit of the envelope is approached. 
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0d per tdin Bright Regions in the * Solar Spectrum. 

From * the commencement of my observations with 
the new instrument my attention has beei^drfwn to Certain 
bright regions in the plenary spectrum ; but it was opt till 
the 8th of Novembpr, ?!l W<f8, that l succeeded in ojbsfrving 
a definite bright band extending for a certain distance ph 
the sun near the limb. 

I should state that I have observed this behaviour in the 
F band on either side of Fraunhofer's dark line F, and 
in the C line, when the prominence, as I have imagined, has 
extended from the limb over the earth’s side of the sun. 

The position of the bright band observed on the 8th .of 
November is near C, but slightly less refrangible, not tar 
from the place in the scale occupied by the last discovered 
red line, the position of which as yet has not been 
micrometrically determined. 

Other regibiii to which my attention has been particularly 
drawn from the first, although Up to the present time I 
have obtained no results, lie, one between the b lines, 
another between b and F, another less refrangible than B, 
one near D, and another near G. 

It is quite possible that these bright regions, the light 
of which is variable, may be due to facula; ; this conclusion 
is strengthened by the fact that diligent sweeping within 
the limb has not revealed the bright lines of the chromo- 
sphere spectrum. If this be so, the facula; are not the 
prominences, although they may be possibly connected 
with them. „ 

On the nature of the Chromosphere and Prominences. 

It has already been concluded by M. Janssen, from the 
coincidence of two of the bright lines with C Ond F, that 
the prominences are composed of hydrogen. 

So far as our present knowledge goes, however, this does 
not dispose of the other two bright lines, the positions of 
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whidfhave been by myself: I allude to the 

UoteT^sar D and hear C. “ 

&i. present- moment I am engaged on a series of 
e^qKr&q^s on gaseous spectra, I hope will afford 

additional information on the$e points ; in the interim, on 
the assumption that the dirdmpsphere and prominences 
aee tfhpljiyrerin part, composed of hydrogen, several con- 
siderations which appeafto me of great importance may be 
touched*upon. 

* THesp c^^>*deratibns are based upon the experiments of 
MM. Pliicker a (fed Hittorf 1 on the one hand, and of 
Professor Frank land on the other. 2 In MM. Pliicker and 
Hittorf s paper entitled “On the Spectra of Ignited Gases 
and Vapours, with especial regard fo the different Spectra 
of the same elementary Gaseous Substance,” these investi- 
gators point out the effect of temperature on the different 
spectra, the temperature of the discharge of Ruhmkorff’s 
induction-coil being increased by increasing the power of 
the inducing current, or, preferably, by diminishing the 
duration of the induced one, by means of the Leyden jar. 

Among the important results obtained in the case of 
nitrogen were the following. With increase of temperature 
the light passes through the following colours : — 

Golden, 

Bluish violet, - 

White, 

and at an extreme temperature the lines expand, approach- 
ing thus to a, continuous spectrum. 

We now come to hydrogen. When a Geissler’s tube 
filled with extremely rarefied hydrogen is used, the spec- 
trum produced by a spark of low temperature consists of 
three lines'of the same width as the slit-— one red, another 
bluish green, another violet ; * these are respectively termed 

. 4 ' ,v '' 

» Philosophical Transactions y voL cJv. (i86$), Part 1 . pp. I— 
t Proc. Hoy. Ins., vpL v. p. 419. . . 

» 1 am aware that Angstrdm has discovered another line, but it is 
not necessary here to consider it. 
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Ha, H/3, and H<y by MM. Plu< 4 er^jw«d;fiittorf. Thejplaces • ««cond 
of these lines in the solar spectrum arg at C, at F, and dne * APER 
at some distance from G towards Fr 
I quote the followiiig'%esults of increase of tempera|jre 
from the. memoir underhotice/.— ; * ' *, ^ 

“ Hydrogen shows- in the most striking-, way \he. ex- P ^ieY t 
pansion of its spectral lines, andjfieir gradual ^fShsforma-” i+Pt, 
tion into a continuous spectrum. When the direct discharge JuJmr. 
of Ruhmkorfifs large induction-coil issent even through 
the old spectrum-tubes enclosing hydrogen, the formerly 
obtained spectrum is essentially altered. By increasing 
the power of the coil, the violet line H7 first expands ; 
while it continues to expand, the expansion of the bluish- 
green line H /9 becomes visible. Let the aperture of the 
slit be regulated so that the double sodium-line will separate 
into two single lines nearly touching one another. Then, 
the angular breadth of H/8 becoming two or three minutes, 
the breadth of H7 is about double. The expansion takes 
place as well towards the less as towards the more refracted 
part of the spectrum. Ha remains almost unchanged 
after H7 has passed into an undetermined large violet band, 
and H /3 extended its decreasing light on its two sides. 

On employing the Leyden jar, and giving to the gas in 
our new tubes a tension of about 60 millims., the spectrum 
is already transformed into a continuous one, with a red 
line at one of its extremities. At a tension of 360 millims. 
the continuous spectrum is highly increased in intensity, 
while the red line, Ha, expanded into a band, scarcely 
rises from it. If the electric spark passes through hydrogen 
at the ordinary tension, the ignited gas on its way always 
gives the spectrum of the three expanded lines. 

“ Even in the old spectral tubes inclosing highly rarefied Nm bright 
hydrogen, the ground, from, which the three characteristic 
lines rise, did not appear always of the same darkness ; trum of 
in some instances new bright lines appeared, especially in the k ) niro c tn ’ 
neighbourhood, of the sodium line. In resuming the subject, 
we pointed out the existence of a new hydrogen-spectrum, 
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corresponding to a lower * temperature, but having no 
rAF«*. resemblance at all to the spectra of the first order of 
Plmktr nitrogen, sulphur, &c. s In this spectrum, of a peculiar 
chapter, If fully developed, we observe a great number of 
nntmis well-defined bright lines, almost too numerous to count and 
'" JmST re P^ eI rt ibif' an engraVfng, but brilliant enough to be 
v examined With a magnifying-power of 72, after the light 
has passed through four prisms. 

“On sending th^’- direct discharge of RuhmkorfTs coil 
through a tube of glass from one-fourth to one-eighth of 
an inch ip diameter, provided with electrodes of platinum 
or of aluminium, inclosing hydrogen at a tension of 5 
to 10 millims., a luminous thread of light of a bluish-white 
colour was seen passing along the axis of the tube, without 
touching the glass. When analysed by the prism, it gave 
a faint spectrum of the above-mentioned numerous bright 
lines, especially within the red and the yellow. Among 
these lines neither Ha nor H7 were seen ; H /9 only ap- 
peared, but less bright than many other lines. By inter- 
posing the Leyden jar and gradually increasing its charge, 
all the lines became brighter, Hy 9 surpassing all other lines 
in brilliancy ; Ha appeared beautifully, H7 fainter. Hence 
we conclude that the numerous bright lines belong neither 
to the vaporized metal of the electrodes, nor to the decom- 
posed interior surface of the glass, but solely to the hydro- 
gen, constituting a new spectrum of it. This spectrum 
may be seen simultaneously with the three characteristic 
iine§ Ha, H 0 , H«y; but at an increased temperature, when 
these lines begin to expand, it entirely disappears. 

MM. Plticker and Hittorf abp determined the action 
of the discharge of a small induction-coil through a tube 
inclosing hydrogen, which was gradually rarefied to the 
highest tenuity to be reached by a Geissler’s exhauster ; 
they found that, as the exhaustion proceeded, the red 
colour of the gas gradually faded into an "undetermined 
violet,” and that Ha disappeared, while though fainter, 
remained well defined. 
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With hydrogen gas inGeissler's tubes, then, the following 
facts are established : — . 

I. With a certain degree of rarefaction and tetfjperature, 
we obtain three characteristic lines, Ha, H ft, H7. 

II. By increasing the temperature, we expand H7 Iksjt 
towards both ends of the spectrum, then Hy 9 , Hctiremain- 
ing almost unchanged after H7 has passed into an undeter- 
mined large violet band. 

III. By increasing the tenuity, Ha disappears first, H^ 
remaining well defined, and moreover the colour of the 
ignited gas changes to the eye. 

IV. Under certain conditions, which are not stated in the 
memoir, new lines appear in the spectrum, especially in the 
neighbourhood of the sodium line. 

Assuming that hydrogen gas is present in the chromo- 
sphere and prominences, we have the following facts to 
place side by side with those just stated : — 

I. In place of the three lines we have but Ha and 


H P- 

II. H /9 is in process of expansion, the expansion in- 
creasing as the sun is approached, and H7 is so far ex- 
panded that it no longer exists as a line; most careful 
observations repeated several times have failed to detect it. 
Were it a broad band having the same total amount of 
light, it would be invisible in the spectroscope; it has 
probably therefore reached this stage. 

III. The prominences have been observed of various 

colours (this fact is not here stated merely with reference'to 
the observation recorded Jit III. ante). 7 

IV. Then is a Hue 'O$ 0 lte yellow , most probhbty pro- 
ceeding from the substance which gives off the light at 
C and F, as the length of this line, as far as the later 
observations with the more correctly adjusted instrument 
g°» is the same as that of those in C and F. . 

I am aware that the conditions as to density cannot 
or orie moment be held to be the same in the two cases ; 
ut as at present (so far as I know) we have no similar 
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experiments ranging over greatly varying densities, I 
have thought it desirable to bring these striking facts for- 
ward at once. We are justified in thinking that the 
density of the chromosphere, always assuming that it is 
composed wholly or in part of hydrogen, cannot be very 
great ; if it were, the spectrum would most probably be 
continuous; for Professor Frankland has shown, in the 
lecture before alluded to, that hydrogen burning in oxygen 
under a pressure of ten atmospheres gives out a spectrum, 
bright, and perfectly continuous from red to violet. 

It is possible that experiments in which both density 
and temperature are varied may enable us to match accu- 
rately the spectrum of the chromosphere, and thereby 
determine both the temperature and pressure at the surface 
of the sun. 

The bright lines which have been observed in several 
stars, especially in the remarkable one in Corona, the out- 
burst of which was spectroscopically watched by Mr. 
Huggins in 1866, show us that under certain conditions 
of constitution a chromosphere may be a part of the regu- 
lar star-economy, and be liable to changes more or less 
great, and effected with more or less rapidity. The 
continuous observation of the sun’s chromosphere may 
therefore lead to a knowledge of many important facts. 

It is remarkable that in the outburst in the star in Corona, 
two of the lines of the chromosphere were coincident with 
C and F, and that two other .lines were visible. If, there- 
fore, either or both of these lines be due to hydrogen, 
we Blast regard that star, leaving the density of the enve- 
lope out of consideration, as being of lower temperature 
than our sun. 

The position of the prominences in all parts of the suns 
limb has generally been hetd to be sufficient evidence that 
they are not connected with spots. They may, however, 
still result from some common cause. It may be noted 
that the eclipse which was photographed by Mr. De la 
Rue in Spain happened near the time of maximum sun- 
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spots, and that nearly the whole limb of the sun was 
covered with prominences. My observations since 1866 . 
have been carried on at the minimum sun-spot period, 
and the prominences observed during the eclipse this year 
were few in number, and covered but a small part of the 
sun’s limb. 

Additional Note on the Chromosphere } 

Since my last communication to the Royal Society I 
have received, through the kindness of Admiral Manners, 
the following extract of a note from Father Sfjcchi, in 
which, although the existence of the new continuous enve- 
lope is not announced, important corroboration of. its 
existence is contained. Father Secchi says : — 2 . 

“Si Ton met la fente parallel a la tangentedu bord . . . . 
en arrivant plus prhs du bord la ligne devient continue. 
Cette observation prouve que la couche gazeuse rose est 
continue, mais tres-irreguliere dans son contour, comme 
l’ont montr£ les Eclipses.” 

“Route, November 15/A, 1868. 

“ I have been able to verify the observations of Mr. 
Lockyer on the sun, but I find that, even where the lines 
do not become brilliant, their blackness vanishes by a 
partial inversion. I have found also some luminous lines 
which become exceedingly brilliant near the edge of the 
sun. One is near the ray D, and the other in contact 
almost with the line B on the side of C. ;Sc, 

"/ find that all around the full limb of the sun the inver- 
sion takes place. l£th£»slit is perpendicular to the /edge 

the inversion is a very short part, so 

Fir., 14*’ 

of 10" or 15", but if the slit is parallel to the edge then 

* Received November a6, 1868. 

. Comptes Rendus, vol. Ixvii., p. idt8. Letter of the 13th November,, 
printed 25th November, 1868. 
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the inversion is complete. It is .a very beautiful fact. 
It is perhaps one that will modify ottr ideas on the origin 
of these lines.” 

I have italicized the most important part at the letter. 
Since the 20th of the present month,, in, consequence of 
a conversation on that day with Mr. De la -Rue, I have 
gone over my observations of the sun’s limb with great 
care, and have also re-examined Mr. De la Rue’s photo- 
graphs with a view to ascertain the evidence which they 
give of the continuity of the envelope. The result strongly 
confirms my former views. It is true that the photographs 
do not show a continuous chromosphere of anything like 
uniform thickness ; but that arises from the fact that the 
only part of the sun’s limb where the envelope was visible 
at all during totality happened to be covered by irregular 
prominences, which were probably very abundant at the 
time. In fact, owing to the relative sizes of- the sun and 
moon during the eclipse of 1860, and the direction of the 
moon’s motion the top and bottom of the sun’s limb, as 
shown in plate 15 of Mr. De la Rue’s memoir, were con- 
siderably within the moon’s limb during the totality; only 
small portions of the sun’s limb on the preceding and 
the following sides were uncovered, and there the chromo- 
sphere is seen to be almost continuous, though, as I have 
'said, very irregular. The absolute want of continuity in 
the photographs, which, as far as I recollect, is not observ- 
able in Mr. De la Rue’s hand drawing, is not a final 
aigUl|ient against its real spectroscopic continuity. On 
theK^th of November 1868, when I had an opportunity 
pi’ Serving the sun, I employed the whole time in exa- 
mining into the absolute continuity of the chromosphere ; 
F was enabled, until interrupted by clouds, to examine 
continuously and carefully about 300 degrees of the sun s 
contour, and during the time I did not for one moment 
lose sight of the chromosphere spectrum. It is very 
gratifying to find that photographs taken many years 
ago by so excellent an observer as Mr. De la Rue should 



OBSERVATORY WORK . 


463 


be found to bear independent testimony to the accuracy 
of the conclusion which I have arrived at, by an entirely 
different lU«K.of research. 

Historical Notice; of the growth of our knowledge of the 

Chromosphere} 

When I was first enabled, by means of the spectroscope, 
to determine that the prominences arc merely heapings 
up of an envelope which gave everywhere the spectrum 
of hydrogen (at pressures which Dr. Frankland and myself 
have since approximately determined) and is Continuous 
round the sun, or at all events continuous in the same 
sense that the photosphere is continuous, I was not aware 
that I had been anticipated in any part of the discovery. 

I have since found, however, that the continuity of the 
envelope, apart from its nature and place in the solar 
economy, has been suspected for many years, although 
it had never been demonstrated, as it easily might have 
been, by eclipse observations at properly chosen stations ; 
and although it has been very variously interpreted. 

I think it desirable, now that the spectroscope has deter- 
mined the existence and nature of such an envelope, that, 
in justice to myself and to those who have gone over 
the same ground before me, a brief historical notice of 
the progress of our knowledge on this point should be 
given. , > 

It is easy now to divide the phenomena observed|{jai thfe 
many eclipses between 1706 and 1842 into two cla$j|§’i. 

I. Observationaijf the prominences properly so called ; 

II. Observatiolts^ Ww chromosphere ; 

and all the observations of both these classes, accumulated 
during the eclipses which happened up to and ’includipg . 
the year 1842, have been discussed by two eminent astro- 
nomical authorities* — I refer to Arago and Professor Grant, 
to both of whom, long even before the eclipse of 1851, it 

• 1 Received April 9, 1869. 
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second was perfectly obvious that the pron^'|ie||C 4 s were solar and 

rAI>ER ' not lunar phenomena. *' 4 

Arago' considered the prominences tojI^B^rely clouds 
floating in the sun's atmosphere — 4 jn at mc^Kerif rendered 
evident to us by the corona, and to Jt&ese cipuds he ascribed 
the spots without a nucleus ; to tne corona also hS attri- 
buted the darkening of the limb. 

a r«g*'* “ II faut admettre une enveloppe eis^fn^equi diminue 

statements. mo j ns j a lumi&re qui vient du centre que les 

rayons qui viennent sur le long trajet du bor4 a I’ceil. 
Cette enveloppe extdrieure forme la couronne ;bJancMtre 
dans les Eclipses totales du soleil.” 

It is not easy to reconcile all Arago’s statements as to 
the nature of this atmosphere or envelope ; but I shall 
return shortly to a later enunciation of them by himself, 
merely remarking here that there is nothing said about the 
“clouds” forming a continuous envelope round the sun. 

Grants Professor Grant, 8 who went over the same ground as 
statements. Arago, and had Arago's results before him, was led to 
consider before the eclipse of 1851 that “ The observations 
of solar eclipses would seem to indicate that above the 
luminiferous envelope there exists a stratum of nebulous 
matter which is visible only by means of reflected light. 
Various interesting questions present themselves for so- 
lution in connection with the admitted existence of such a 
/d... stratum. In the first place, does this third envelope exercise 
air influence in the production of any of the other phe* 
nomena which have been disclosed by observations on the 
phy^pl constitution of the sun?” - 
| Theft, referring to Sir J. H c rschel’a hypothes is of con- 
vection currents throwing up the then imagined non- 
luminous envelope below the photosphere, through the 
photosphere, he adds : — * 

“ This view of the subject, while it carries with it 

* Anuuaire du Bureau des Longitudes, 1846. MSS. quoted by 
Humboldt, “ Cosmos,” Sabine's Translation, vol. iv., Notes, p. 102. 

* “ History of Physical Astronomy,” p. 400. 
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conside* 81 ^ jpw^lQ^y* obviates the necessity of fhtro- • 
ducing intd-th^^|h^>^ t of the physical constitution of 
the sun th^ ^4f iniiy Envelope independent of the 

two other**^S$ . 

We next cddif "the eclipse of 1851, which was 
observed by Pr 0 ^lB 6 r Swan, among others, who con- 
tributed to the KbySl, Society of Edinburgh three valuable 
memoirs on th^ ecHpae, with special reference to the red 
prominences. Assuming that they existed in the solar 
atmosphere, and agreeing with the prescient remarks 
ofjSir ^.^fterschel, that they must be “cloudy masses 
of the most excessive tenuity,” he remarks : 1 — 

“ Obviously the simplest view that can be taken of this 
phenomenon, is to regard the red fringe and the red 
prominences as of the same nature; and alf the observa- 
tions will then confirm the idea that the matter composing 
those objects is distributed all round the sun. It therefore 
seems’ probable. that when we are furnished with observa- 
tions of a tangential phase of the eclipse from stations 
on the north aide of the moon’s shadow, it will be found 
that a sierra appeared towards the sun’s north point, of 
which the detached prominences seen in that region, 
by observers situated near the middle of the moon’s 

shadow, were only the highest peaks Since, then, 

it has been shown to be highly probable that the matter 
composing the red prominences is distributed with little 
interruption all round the sun: we may conceive the 
luminous strata of the solar atmosphere to be surmounted 
by an envelope of chj$tds of which the higher portions are 
visible beyond tl^i|oon’| limb, at the central phase 
of a total eclipse, %ji^l which then constitute the red 
prominences, If {he continues, throwing out the sugges- 
tion previously made by^Grant] it be thought that the 
hypothesis of two envelopes of cloud, one above and 
another below the luminous strata of the sun’s atmosphere, 

PP- 462*463*^ R ° yal Societ y Edinburgh, voL **•» Hi*. 
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second introduces too great complication, we may avaijpth| objec- 
PAPKR ~ tion by supposing that the envelope #mch occasions 
the penumbra? around the spots penetrates -the lumi- 
nous stratum, and exists, although Jn greatly different 
degrees of density, both above and h*|o w ft. ” 

“ If, then, we conceive that a stratum of cloudy matter 
surrounds the sun, of which the red prominences are the 
higher portions, the serrated appearance of the long range 
of prominences, seen by Mr. Dawes and Mr. Hind, suffi- 
Thtsur . ciently indicates that its general surface is exceedingly 
J'ctJuJy* uneven » presenting the appearance of being covered with 
stratum is numerous eminences or ridges. But these irregularities 
‘irrtfuiaJ. are small when compared with the large hook-shaped 
prominence, and its companion the detached cloud, which 

were seen by most of the observers of the eclipse 

Now, as the spots have been supposed to arise from up- 
ward currents causing apertures in the sun’s luminous 
atmosphere, I conceive the higher red prominences, or those 
which remain visible at the middle of the total phase of a 
central eclipse, may in like manner be formed by the same, 
or similar, currents in the sun’s atmosphere, breaking 
through the envelope of cloud that surrounds him, bending 
back the edges of the apertures they have formed, and 
sometimes carrying up detached masses of cloud, such as 
that which was seen at the late eclipse. We may, however, 
suppose the envelope of cloud to be sometimes simply 
raised, without being broken through ; and in that state it 
may form the conical prominences which were observed at 
the late eclipse. 

“Since the prominences reflect, they must also absorb 
light ; and thus the hypothesis which has been proposed 
Tht regarding them assumes the presence afan envelope of cloud 
"ntvOope surrounding the sun's luminous atmosphere , capable of 
absorbing part of his light and subject to occasional inter- 
ruptions of its continuity 

Mr. Swan thus formally sums up his most important 
addition to our knowledge of the solar envelopes, agreeing 
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with Jkr||@ that the corona is also a solar appendage. We second 
have now^foii^ envelopes : — _ >Am > 

I. The dark cloud* below the photosphere. (The cloudy Sioan's 

stratum d#^fJentclH|l.) Mr and*. 

II. The photosphere itself. 

III. The envelope of cloud so often referred to. 

IV. The sun’s atmosphere surrounding all, in which the 
other envelopes may be supposed to float. 

Littrow, who observed the same eclipse, after describing Littrcnu's 
some of the observations, goes on to say : — opinion. 

"Tout cela me fortifie dans l’opinion con^ue d£ja par 
mon observation seule, que ce bord rouge forme une couche 
environnant toute la photosphere du soleil, et gonflde qk et 
14 en protuberances.” 1 

Arago in his ‘Astronomic’ 2 defends his first view, and Arab's 
criticises Mr. Swan’s hypothesis. He remarks:— 

“ Tout s’explique dans l’hypothese de nuages fiottants hypothesis. 
dans l’atmosphere diaphane qui entoure le soleil. 

“J’avais cherche de rendre compte des protuberances 
lumineuses en les assimilant a des nuages flottants dans 
l’atmosph&re diaphane dont je supposais la photosphere 
entouree. M. Swan ayant sans doute remarqud dans ma 
notice cette phrase ‘ L’eclipse de 1842 nous a mis stir la 
trace d’un troisieme enveloppe situee au-dessus de la 
photosphere et fortune de nuages obscurs ou faiblement 
lumineux,’ accumule 4 la fin de son mdmoire citations sur 
citations, pour prouver que nonobstant ce que cette phrase 
paralt de renfermer de positif, je n’ai pas eu la pensde qu’il 
existdt au-dessus de la photosphere une couche continue de 
nuages. Je reconnais loyalement que l’idEe de la 
COUCHE CONTINUE APPARTIENT EN PROPRE k M. SWAN.” 

The next criticism we find brings in the corona in 
a Z*y we see it again brought forward subsequently. 

' La limite extdrieure de la pr emigre couronne lumineuse 
ndiquerait, dans 1 ’hypothese de M. Swan, la region 

NachrichteH, t. xxxiv., p. 31, and Comptts Rettdus, Feb. 23 , 

,869 - * Ed. 1856, t iii. p. 623. 

H H 2 
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qu’occupe la couche continue de nuages dont jl avoir 
besoin pour expliquer tous les phenom£nes des Eclipses 
totates. II Taudrait done supposer que, lorsqucla couronne 
est unique, cette couche de nuages s’est abaiss^e jusqu’4 
etre presque en contact avec la photosphere solaire. C’est 
alors qu’apparaitraient les longs arcs courb&, colons et 
fortement denteles, qui ont signals par les observateurs 
somme 6tant visibles quelques instants apr&s les commence- 
ment de l’eclipse totale, et quelques instants avant la fin. 
Mais admettant pour un moment que ces grands mouve- 
ments oscillatoires en hauteur de la couche nuageuse 
existent, pourquoi cette couche se prdsenterait-elle corame 
une ligne circulaire sans couleur lorsqu'elle serait k une 
grande hauteur, et descendrait-ellc irisde et tr&s-irr^guli&re 
dans son contour lorsqu’elle sc rapprocherait du soleil. 
Suivant M. Swan, les protuberances sont des portions de 
son atmosphere continue, soulevecs du-dessus du niveau 
g^ndral par le courant ascendant Mais .comment n’a-t-il 
pas remarque qu’en 1842 ces protuberances existaient tout 
notablement au-dessous de la ligne circulaire qui dcssinait 
les limites de la couronne la plus brillante sur la couronne 
exterieure ? 

“ Je persiste done 4 soutenir simplement que la troisi^rne 
atmosphere solaire que M. Swan veut bien admettre 
avec moi est gazeuse et qu'il y flottent seulement des 
nuages." 

This strong criticism would seem to have had great 
weight, and I believe that much of the strange modern 
overlooking of the continuous envelope is to be ascribed to 
it, to $ay nothing of the invariable (so far as I know) 
descriptions of the solar atmosphere to be found in 
our text-books, on which recent ideas and theories have 
been based. 

We next come to the eclipse of 1851, which was observed 
in the Brazils. The Brazilian Commission, of which 
M. Liais was a member, sent in a report to the Paris 
Academy of Sciences, which was reported on by M. Faye, 
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who cdmoienced his report by thus defining the corona and 
prominences : La couronne lumineuse ne serait autre 

chose que I’indice sensible d’une troisiEme enveloppe du 
soleil, d’une atmosphere extErieure. . . . Les protuberances 
seraient les nuages de cette troisihne atmosphere." 

I have not been able to obtain the Commissioner’s 
report ; but M. Ltais, in a separate work, 2 states distinctly 
(I.) that there is a continuous envelope overlying the 
photosphere, (II.) that it is not the corona, (IN.) that it is 
the locus of the general absorption of the photospheric 
light, and (IV.) that its height is about 3"’3 — an immense 
step in advance, as we now know, on the ideas of Arago. 
At the same time M. Liais was convinced that the corona 
was in reality a solar appendage. 

The famous Spanish eclipse of i860 is next on the list. 
Mr. De la Rue’s admirable photographs have made us all 
familiar with the solar appendages then visible. Specially 
to be noticed in them are the points where the limb of the 
sun and moon were nearly in contact both at the commence- 
ment and at the end of the totality. 

In discussing the results of this eclipse, both M. Le 
Verrier and Father Secchi found themselves compelled to 
use the word “envelope ” to explain all the phenomena 
observed. 

M. Le Verrier,* after a preliminary discussion of the 
results of this eclipse, remarked, “ Faut il croire que la 
surface entiEre de I’astre en (nuages rouges) est parsemEe 
jusqu’i une faible hauteur comme elle est semEe de facules, 
et que les nuages roses en sont des Emanations commes les 
taches qui apparaissent sur la disque de l’astre.” 

And then, after a more complete discussion, he Endorses 
the idea of the complete continuity of the envelope, and 
makes it at the same time not only the only solar atmo- 
sphere, but the origin of spots ! 
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* voL xlviii., p, 163* 

L’esp&ce Celeste et la Nature Tropicale.” ?• 

* Report quoted In Comptes Kendus , February 8, 1869, p* 3t& 
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After referring to Herschel’s hypothesis, and remarking 
“k cette constitution si complexe on eftt dO ajouter une 
troisi&me enveloppe formde de l’ensemble des nuages 
roses,” he goes on, “ or je crAins que la plupart de ces en- 
veloppes ne sont de purcs fictions ; que le soleil ne soit 
simplement un corps lumineux, en raison de sa haute 
temperature, et recouvert par une couche continue de la 
mati&re rose dont on connait aujourd’hui {’existence. 
L’astre, ainsi prive d'un corps centrale, liquide ou solide, 
recouvert d’un atmosphere rentre dans la loi commune de 

la constitution des corps celestes IS parait clair qu’ils 

(les protuberances roses) c-manent accidentellement d’une 
couche de matiere qui recouvre toute la surface du soleil 
jusqu’a une hauteur de 8 a ro secondes . . 

M. Le Verrier then proceeds to show, as we have seen 
Mr. Swan and M. Liais do many years before, that the 
darkening of the limb is due to this envelope, and then 
adds, “ D’un autre cdte il resulte de l’observation des 
nuages solaires que la matiere de {’atmosphere s’accumule 
quelquefois en quantity plus considerables sur certains 
points, et comme la lumierc de la partie correspondante du 
soleil peut sc trouver plus ou moins 6teinte, on arrive a une 
explication naturelle de I’existence des taches ! ” 

•We see, then, that the French results of the eclipse 
of i860 entirely endorsed Mr. Swan’s assertion of the 
continuity of the cloudy envelope, although the hypothesis 
put forward to explain the envelope was completely 
discordant with observation then and is much more so 
now. 

Father Secchi’s idea will be rendered evident by the 
following extract from his report contained in the memoirs 
of the Observatory of the Collegio Romano :* — 

“ La seconda conseguenza, non meno importante k, che 
questa materia rrveste tutta la superficie solare come un* 
generale inviluppo transparentc. Infatti il loro numero 
prodigioso, e il loro estendersi per archi continuati di molti 
1 New Series, 1860-1862, vol. ii. No. 5, p. 43 - 
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gradit ci mostra che h irragionevole supporle, particolariti 
locali ed eccezionali sulla superficie solare, come sono le 
macchie, n£ possono dirsi eruzioni vulcaniche di pochi 
punti : al contrario il vederle spuntare congiunte in lunghe 
catene tanto ai principio che al fine della totality, ci per- 
suade che negli altri punti della circonferenza si rendono 
visibili solo le cime maggiori e piu elevati, restando le 
minori e piil basse coperte dal corpo lunare.” 

Although these modern results would seem to have 
settled the question as far as it was possible to settle it by 
ordinary observations on the central line of totality, I 
cannot find that the idea of the continuity of the envelope 
was generally accepted in England or in France. 

In 1861 we find M. Faye 1 calling upon observers of the 
eclipse that was to happen on the last day of that year to 
examine “si cette aureole (la partie de cette couronne la 
plus voisine du soleil) pr^sente ou non le renversement du 
spectre solaire, c’est a dire si les raies obscures de Fraun- 
hofer seront remplacdes dans ce spectre par des raies 
brillantes." There is not one word about the “couche 
rose " of M. Le Verrier ! 

After this in England we find General Sabine, Dr. 
Balfour Stewart, and Professor Challis independently 
arriving at the conclusion that the red flames are solar 
aurora — a theory which I think plainly indicates that the 
idea that they formed part of a continuous envelope was 
not in their minds. Mr. Balfour Stewart, in a Lecture at 
the Royal Institution,* remarked : — 

“ In support of this hypothesis it may be remarked that, 
during the late total eclipse In Spain, Mr. De la Rue, by 
means of the Kew photoheliograph, proved that these red 
flames belong to the sun, and that they extended in one case 
to the distance of 70,000 miles beyond his photosphere. 
But, considering the gravity of the sun, we are naturally 
unwilling to suppose that there can be any considerable 

1 Complex Reudus, vol. lii., p. 679. 

Proceedings of the Royal Institution, vol. iv.. p. 60. 
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second amount of atmosphere at such a distance from his surface ; 
l>A,>KR - and we are therefore induced to seek for an explanation 
of these red flames amongst those phenomena which 
require the smallest possible amount of atmosphere for 
their manifestation. Now the experiments of Mr. Gassiot, 
and the observed height of the terrestrial »aurora alike 
convince us that this meteor will answer our requirements 
best. And besides this, the curved appearance of these 
red flames, and their high actinic power, in virtue of which 
one of them, not visible to the eye, was photographed by 
Mr. De la Rue, are bonds of union between these and 
terrestrial aurorae.” 

Although Mr. De la Rue in his Memoir refers to the 
prominences being scattered widely over the sun’s disc, 
it was not till December 1867 that the real meaning of 
the photographs in this particular was grasped. Mr. 
Stoney, in a paper communicated to the Royal Astro- 
nomical Society in that month, in which he refers to his 
hypothesis that the sun has an enormous atmosphere, 
which in eclipses projects far beyond the disc of the 
moon, in which atmosphere the vapours which give rise 
to the selective absorption of the photospheric light are 
situated at various heights according to their vapour- 
density, writes as follows: — 

Mr. “ Directly outside the photosphere, there lies a stratum 
Stoney s of the sun’s atmosphere which is still hotter than the 
fafer " photosphere, and on the outer boundary of this hot region 
there appears to be a shell of excessively faint cloud, part 
of which is seen in Mr. De la Rue’s photographs of the 

eclipse of i860. It probably extends the whole way round 
the sun. It is therefore very desirable that this faint shell, 
which seems to lie at a distance of 8" or 10" from the edge 
of the sun’s disc, should be observed, both from a central 
station and from stations close to thif northem and 
southern limits of totality, so as to ascertain whether we 
have reason to presume it is continuous round the disc.’’ 1 

1 Monthly Notices, Rpyal Astronomical Society, vol. xxviii., p. *9- 
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Broadly, then, up to the spectroscopic determination of 
its continuity and real nature, the story of the chromo- 
sphere is as follows : — 

1842. Arago refers it to clouds at the base of the 
corona, and regards these clouds as the origin of non- 
nucleated spots, the dimming of the limb being due to the 
corona. 

1842. Grant acknowledges the continuity of the envelope, 
ascribes its brilliancy to reflected light, and thinks it may 
be due to the “ cloudy stratum ” being driven by convec- 
tion-currents through the photosphere. 

1851. Swan terms it a new envelope of the sun, states 
that it shines by reflected light, and ascribes to it the 
dimming of the limb. 

1851. Littrow describes it as a continuous thin envelope. 

1858. Liais describes it as a continuous envelope, and 
gives its thickness as 3" - 3. 

i860. Le Verrier describes it as the unique atmo- 
sphere of a solid sun and the origin of all spots. 

186a Secchi acknowledges it as a third envelope. 

1867. Stoney considers it as a stratum of cloud at a 
distance of 8" or 10" from the photosphere. 

Description of the Plates . 1 

Plate XXXVII. 

Figs. 86, 87, and 88 show the position of the lines observed 
on October 20, 1868, and their usual form — ix. the line F 
is broad at the base and gradually tapers upwards, while C, 
and the line near D (with no corresponding absorption-line 
ordinarily visible) do not as a rule, present this peculiarity 
with the instrument employed. 

Fig. 91 shows the appearances of the F line observed on 
the 5th of November, 1868. 

Figs. 89 and 100 show the appearances of the C and F 

1 Tk e Plates have been distributed throughout the book. See 
chapter xiv. Figs. 84, 85, 86, 87, 88, 89, 91, &c. 
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lines observed with a tangential slit; in the case of F 
the bright line observed was sometimes on one side of 
the absorption-line, and sometimes put it out altogether 
(October 27). 

Figs. 7, 8, and 9* are outlines of the prominences ob- 
served on the 20th of October and 5th and 6th of Novem- 
ber 1868. 


Plate XXXVIII} 

The spectroscope of large dispersive power, by means 
of which the work I have described in the former part of 
this paper has been done, is attached to a clock-work- 
driven refractor of 6| inches aperture and 98 J inches 
focal length, the definition of which is very fine, and 
worthy of the reputation of its makers, Messrs. Cooke and 
Sons, York. 

Fig. 84 will give a general idea of the spectroscope and of 
its attachment to the large equatorial. In this figure are 
shown the eye-end of the telescope with finder and clamp- 
ing and adjusting rods, and an internal tube which I have 
found it convenient to insert into the ordinary one to allow 
of the adjustment of the spectroscope to the direct solar 
image, and the variously enlarged images, without disturb- 
ing the spectroscope itself on its supports. 

This internal tube carries the ordinary eyepiece-end on 
which the prismatic steel rods which support the train of 
prisms, collimator, and telescope are fixed and provided 
with means of rotation. 

The figure also shows the arrangement of the instrument 
when the direct image is viewed. The eye-piece is taken 
oat, and the image is allowed to fall on the slit-screen out- 
side the telescope. A short collimator collects the light, 
which then passes through the seven prisms (of 45°) 
dense flint glass, of which the specific gravity, refractive 

1 Fig. 7 only is given. See Fig. 14I, 

* Added October to, 1869. 
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index, and dispersive power, as determined by Mr. Brown- second’ 
ing, are as follows : — PAFER - 

Specific gravity 3 91 

Refractive index v 66 $ 

Dispersive power 0*0752 

Ordinarily the seven prisms are alone used, But when 
more dispersion is wanted I have found it very convenient 
to fix an extra prism of 6o°, as shown in the figure ; this 
makes the instrument for some part of the spectrum a 
direct-vision one ; and I have further increased the dis- 
persion by partly filling the small telescope with direct- 
vision prisms. 

The adjustment of the spectroscope to the telescope 
allows of the slit being brought either tangentially or 
radially on any part of the. sun’s limb. 

Fig. 143 shows a slit I have designed for comparing various S/it for 
portions of the solar surface with each other. The slit, for 



purposes of description, may be imagined to be divided 
into three portions. The central portion admits direct light 
from some part of the sun ; the upper and lower portions 
admit light from two other parts of the sun reflected on the 
slit by means of combinations of prisms. 

The slit used in ordinary investigation is similar to that 
usually employed. 

The train of prisms, the collimator, micrometer, and 
observing telescope are shown in Fig. 59 on a larger scale. 
The prisms are fixed to a plate which it is possible to 
rotate slightly on its axis, and this, after the more obvious 
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precautions have been taken, constitutes one of the most 
important adjustments. 

The collimator is furnished not only with the usual 
focussing-screw, but with additional rackwork, which permits 
of the slit being placed in the image, the colour of which 
is coincident with the arc under examination. It is only 
by paying infinite attention to this point that any good 
results can be obtained ; and when this is done, and the 
atmosphere is pure and calm, the interval between each of 
the higher cloud- domes on the sun shows an approach 
to the spot-spectrum, and the spectrum is a mass of hori- 
zontal lines. It is rare, however, that the atmosphere is 
steady enough to show this effect in its greatest perfection. 

The principal point about the micrometer-arrangement 
is, that the micrometer-head is read by a little telescope, 
the eye-end of which is immediately above that of the 
observing telescope ; this saves much time, as the position 
of the observer is not disturbed when readings are necessary. 
I have also found it convenient to supplement this arrange- 
ment by an ordinary eyepiece-micrometer for differential 
measures of small range. 

I cannot allow myself to conclude this short description 
without testifying to the great perfection of the optical 
finish of the new spectroscope, which enables me to obtain 
a solar spectrum of the utmost purity. My thanks are 
due to Mr. Browning for coming to my aid as he did, and 
employing his well-known skill in the construction of an 
instrument at once so unique, portable! and powerful— a 
task accomplished at last with results most satisfactory tg 
myself and creditable to him. 
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Third Paper. 

Spectroscopic Observations of the Sun. No III. — By J. 

NORMAN Lockyer. From the Proceedings of the Royal 

Society, No. IIO, 1869. Received March 4, 1869. 1 

Since my second paper under the above title was com- 
municated to the Royal Society, the weather has been un- 
favourable to observatory work to an almost unprecedented 
degree ; and, as a consequence, the number of observations 
| hav e been enabled to make during the last four months 
is very much smaller than I had hoped it would be. 

Fortunately, however, the time has not been wholly lost 
in consequence of the weather; for, by the kindness of 
Dr. Frankland, I have been able in the interim to familiar- 
ise myself at the Royal College of Chemistry with the 
spectra of gases and vapours under previously untried 
conditions, and, in addition to the results already com- 
municated to the Royal Society by Dr. Frankland and 
myself, the experience I have gained at the College of 
Chemistry has guided me greatly in my observations at 
the telescope. 

In my former paper it was stated that a diligent search 
after the known third line of hydrogen in the spectrum 
of the chromosphere had not met with success. When, 
however. Dr. Frankland and myself had determined that 
the pressure in the chromosphere even was small, and 
that the widening out of the hydrogen lines was due in 

t e main, if. notetttirely, to pressure, I determined to seek 
r it again under better atmospheric conditions; and I 
succeeded after some failures. The position of this third 
line is at 2796 of Kirchhoff’s scale. It is generally exces- 
sively faint, and much more care is required to see it than 
is necessary in the case of the other lines; the least haze 
in the sky puts it out altogether. 

Hence, then, with the exception of the bright yellow 

* Proc. R.S., vol. xvii. p. 35°. 
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line, the observed spectra of the prominences and of 
the chromosphere correspond exactly with the spectrum of 
hydrogen under different conditions of pressure — a fact 
not only important in itself, but as pointing to what may 
be hoped for in the future. 

With regard to the yellow line which Dr. Frankland and 
myself have stated may possibly be due to. the radiation 
of a great thickness of hydrogen, it became a matter of 
importance to determine whether, like the red and green 
lines (C and F), it could be seen extending on to the limb. 
I have not observed this : it has always in my instrument 
appeared as a very fine sharp line resting absolutely on the 
solar spectrum, and never encroaching on it. 

Dr. Frankland and myself have pointed out that, 
although the chromosphere and the prominences give out 
the spectrum of hydrogen, it does not follow that they arc 
composed merely of that substance: supposing others to 
be mixed up with hydrogen, we might presume that they 
would be indicated by their selective absorption near the 
sun’s limb. In this case the spectrum of the limb would 
contain additional Fraunhofer lines. I have pursued this 
investigation to some extent, with, at present, negative 
results; but I find that special instrumental appliances 
are necessary to settle the question, and these are now 
being constructed. 

If we assume, as already suggested by Dr. Frankland 
and myself, that no other extensive atmosphere besides 
the chromosphere overlies the photosphere, the darkening 
of the limb being due to the general absorption of the 
chromosphere, it will follow: — 

I. That an additional selective absorption near the limb 
is extremely probable . 1 

II. That the hydrogen Fraunhofer lines indicating the 
absorption of the outer shell of the chromosphere will 
vary somewhat in thickness : this I find to be, the case to a 
certain extent. 

* 


1 See Note C. 
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III. That it - is not- probable that the prominences will 
be visible on the sun’s disc. 

In connection with the probable chromospheric darken- 
ing of the limb, an observation of a spot on February 
20th is of importance. The spot observed was near the 
limb, and the absorption was much greater than anything 
I had seen before ; so great, in fact, was the general absorp- 
tion, that the several lines could only be distinguished with 
difficulty, except in the very brightest region. I ascribe 
this to the greater length of the absorbing medium in the 
spot itself in the line of sight, when the spot is observed 
near the limb, than when it is observed in the centre of 
the disc — another indication of the great general absorb- 
ing power of a comparatively thin layer, on rays passing 
through it obliquely. 

I now come to the selective absorption m a spot I have 
commenced a map of the spot-spectrum, which, however, 
will require some time to complete. In the interim, I may 
state that the result of my work up to the present time 
in this direction has been to add magnesium and barium 
to the material (sodium) to which I referred in my paper 
in 1866, No. I. of the present series; and I no longer 
regard a spot simply as a cavity, but as a place in which 
principally the vapours of sodium, barium and magnesium 
(owing to a downrush) occupy a lower position than they 
do ordinarily in the photosphere. 

I do not make this assertion merely on the strength of 
the lines observed to be thickest in the spot-spectrum, but 
also upon the following observations on the chromosphere 
made on the 2 1st and 28th ultimo. . * 

On both these days the brilliancy of the F line taught 
me that something unusual was going on ; so I swept along 
the spectrum , to see if any materials were being injected 
into the chromosphere. 

On the 2.1 $t I caught a trace of magnesium ; but it was 
late in the day, and I was compelled to cease observing by 
houses hiding the sun. 
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third. On the 28th I was more fortunate. If anything, the 
PAFSR. ev i(j ences D f intense action were stronger tifcin on the 21st, 
Spectral and after one glance at the F line I turned at once to 
lim *- the magnesium lines. I saw them appearing short and 

faint at the base of the chromosphere. My work on the 
Metallic spots led me to imaging that I should find sodium-vapour 
ahervM in assoc ‘ a *ed with the magnesium ; and on turning from b 
the chro- to D I found this to be the case. I afterwards reversed 
masphere. j^jum in the same way. The spectrum of the chromo- 
sphere seemed to be full of lines, and I do not think the 
three substances I have named accounted for all of them. 
The observation was one of excessive delicacy, as the lines 
were short and very thin. The prominence was a small 
one, about twice the usual height of the chromosphere ; 
but the hydrogen lines towered high above those due to the 
newly injected materials. The lines of magnesium extended 
perhaps one-sixth of the height of the F line, barium a 
little less, and sodium least of all. 

We have, then, the following facts : — 

The new I. The lines of sodium, magnesium, ami barium, when 
facts. observed in a spot, are thicker than their usual Fraunhofer 
lines. 

II. The lines of sodium, magnesium, and barium, when 
observed in the chromosphere, are thinner than their usual 
Fraunhofer lines. 

A series of experiments bearing upon these observations 
is now in progress at the College of Chemistry, 1 and will 
form the subject of a communication from Dr. Frankland 
and myself. !..may at once, however, remark that we have 
here additional evidence of a fact I asserted in 1865 on 
telescopic evidence — the fact, namely, that a spot is the 
seat of a downrush, a - down rush to a region, as we. now 
know, where the selective absorption of the upper strata is 
different from what it would be (and, indeed, is elsewhere) 
at a higher level. » 

Messrs. De la Rue, Stewart, and Loewy, who brought 
1 See the account of the Laboratory work further on. 
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forward the theory of a downrush about the same time 
as my observations were made in 1865, at once suggested 
as one advantage of this explanation that all the grada- 
tions of darkness, from the faculae to the central umbra, are 
thus supposed to be due to the same cause, namely, the 
presence to a greater or less extent of a relatively cooler 
absorbing atmosphere. This I think is now spectroscopi- 
cally established; we have, in fact, two causes for the 
darkening of a spot 

I. The general absorption of the chromosphere, thicker 
here than elsewhere, as the spot is a cavity. 

II. The greater selective absorption of the lower sodium, 
barium, magnesium stratum, the surface of its last layer 
being below the ordinary level. 

Messrs. De la Rue, Stewart, and Loewy q^so suggested, 
in their “ Researches on Solar Physics,” that if the photo- 
sphere of the sun be the plane of condensation of gaseous 
matter, the plane may be found to be subject to periodical 
elevations and depressions, and that at the epoch of mini- 
mum sun-spot frequency the plane might be uplifted very 
high in the solar atmosphere, so that there was compara- 
tively little cold absorbing atmosphere above it, and there- 
fore great difficulty in forming a spot. 

This suggestion is one of great value ; and, as I pointed 
out in my previous paper, its accuracy can fortunately now 
be tested. It may happen, however, that in similar 
periodical fluctuations the chromosphere may be carried up 
and down with the photosphere ; and I have already 
evidence that possibly such a state of things may have 
occurred since i860, for I do not find the C and F Fraun- 
hofer lines of the same relative thickness as they were in 
that year. 1 I am waiting to make observations with the 
* u ge Steinheil spectroscope before I consider this question 


tuJ.h-T kamt, after handing this paper in to the Royal Society, 
breadti, . ^ str<5m ’ s ma P the C and F fines are nearly of the same 
s pectr ■ 1 . s * had gathered from observations made with my own 
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third settled, £&|'!!ic well-known great thickness of the F line 
paper. in Sirius ano dther stars will point out the excessive im- 
portance of such observations as a method of ascertaining 
not only the physical constitution, but the actual pressures 
of the outer limits of stellar atmospheres, and of the same 
atmosphere at different epochs. And when other spectra 
have been studied as we hav^^W^fltudied hydroeen 
additional means of continuing^Sitnilif researches will be at 
our command ; indeed a someWHaiNB^^l examination of 
the spectra of the different classes of st*rs, as defined by 
Father Secchi, leads me to betieve fhat several broad 
conclusions are not far to seek ; and *1 hope soon to lay 
them before the Royal Society, ' - 
Past For some time past I have been engaged in endeavour- 
.ustmf.j to j n g t(J 0 jj ta j n a s ight of the prominences, by using a very 
rapidly oscillating slit ; but although I believe this method 
will eventually succeed, the spectroscope I employ does 
not allow me to apply it under sufficiently good conditions, 
and I am not at present satisfied with the results I have 
obtained. 

Hearing, however, from Mr. Dela Rue, on February -/tb, 
that Mr. Huggins had succeeded in anticipating me by 
using absorbing media and a wide slit (the description 
forwarded to me is short and vague), it immediately struck 
me, as possibly it has struck Mr. Huggins, that the wide 
slit is quite sufficient without any absorptive media ; and 
Scron,/ during the last few days I have been perfectly enchanted 
' with the sight which my spectroscope has revealed to me. 

The solar and atmospheric spectra being hidden, and the 
image of the wide slit alone being visible, the telescope or 
slit is moved slowly, and the strange shadow-forms flit past. 
Here one is reminded, by the fleecy, infinitely delicate cloud- 
films, of an English hedge-row with luxuriant elms: here 
of a densely interwined tropical forest, the intimately 
interwoven branches threading in all directions, the P r0 ‘ 
ininences generally expanding as they mount upwards 
and changing slowly, indeed almost imperceptibly 
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this, method the smallest details of the prominences and 
of the chromosphere itself are rendered perfectly visible 
and easy of observation. 1 

Addendum.— Received March 17, 1869, 

Since the foregoing paper was written, I have had, thanks 
to the somewh^ 6i^f# y^ther, some favourable oppor- 
tunities for .cohHrt^h^|y^ lines of research more 

especially alluded to ln it; I refer to the method I had 
adopted for vietfuig the prominences, and to the injection 
of sodium, magnesium, wc* into the chromosphere. 

With regard to Seeing the prominences, I find that, when 
the sky is free fron|lta£e, the views I obtain of them are so 
perfect that I have not thought it worth while to remount 
the oscillating slit. I am, however, collecting red and 
green and violet glass, of the required absorptions, to con- 
struct a rapidly revolving wheel, in which the percentages 
of light of each colour may be regulated. In this way I 
think it possible that we may in time be able to see the 
prominences as they really are seen in an eclipse, with the 
additional advantage that we shall be able to see the sun at 
the same time, and test the connection or otherwise between 
the prominences and the surface-phenomena. 

Although I find it generally best for sketching purposes 
to have the open slit in a radial direction, I have lately 
placed it at a tangent to the limb, in order to study the 
general outline of the chromosphere, which in a previous 
communication I stated to be pretty uniform, while M. 
Janssen has characterized it as “ a niveau fort intfgal et 
tounneutt My opinion is now that perhaps the mean of 
these two descriptions is, as usual, nearer the truth, unless 
the surface changes its character to a large extent from 
time to time. I find, too, that in different parts the outline 
varies: here it is undulating and billowy; there it is ragged 
to a degree, flames, as it were, darting out of the general 

* See Note D. 
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surface, and framing a ragged, fleecy, interwoven outline, 
which in places Is nearly even for some distance, and, like 
the billowy surface, becomes excessively uneven in the 
neighbourhood of a prominence. 1 

According to my present limited experience of these 
exquisitely beautiful solar appendages, it is generally 
possible to see the whole of their structure ; but sometimes 
they are of such dimensions along the line of sight that 
they appear to be much denser than usual ; and as there is 
no longer under these circumstances any background to 
the central portion, only the details of the margins can be 
observed, in addition to the varying brightnesses. 

Moreover it does not at all follow that the largest 
prominences are those in which the intensest action, or the 
most rapid change, is going on, — the action as visible to us 
being generally confined to the regions just in, or above, 
the chromosphere, the changes arising from violent uprush 
or rapid dissipation, the uprush and dissipation represent- 
ing the birth and death of a prominence. As a rule, the 
attachment to the chromosphere is narrow and is not often 
single ; higher up, the stems, so to speak, intertwine, and the 
prominence expands and soars upward until it is lost in 
delicate filaments, which are carried away in floating masses. 

Since last October, up to the time of trying the method 
of using the open slit, I had obtained evidence of consider- 
able changes in the prominences from day to day. With 
the open slit it is at once evident that changes on the small 
scale are continually going on ; it was only on the 14th inst. 
that I observed any change at all comparable in magnitude 
and rapidity to those already observed by M. Janssen. 

About 9 h 45 m on that day, with a tangential slit I 
observed a fine dense prominence near the sun’s equator, 
on the eastern limb. I tried to sketch it with the slit 
in this direction ; but its border was so full of detail, and 
the atmospheric conditions were so unfavourable, that 
gave up the attempt in despair. I turned the instrument 

1 Sec Note E. 
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round 90° and narrowed the slit, and my ^tfen^on was at third 
once taken by the F line ; a single look at it taught me that PAI ' K R 
an injection Into the chromosphere and intense action were 
taking place. These phenomena I will refer to subse- 
quently. * 

At lO 1 * 50“, when the action was slackening, I opened A promt- 
the slit ; I saw at once that the dense appearance had all to 

disappeared, and cloud-like filaments had taken its place. its 

The first sketch, embracing an irregular prominence with a 
long, perfectly straight one, which I called A, was finished at 
i i h 5™ the height of the prominence being 1' 5", or about 
27,000 miles. I left the Observatory for a few minutes ; 
and on returning, at u h 1 5 m , I was astonished to find that 
part of the prominence A had entirely disappeared ; not 
even the slightest track appeared in its place : whether it 
was entirely dissipated, or whether parts of it had been 
wafted towards the other part, I do not know, although 
I think the latter explanation the more probable one, as 
the other part had increased. 

We now come to the other attendant phenomena. First, />v/;«r •/,»«/- 
as to the F line. In my second paper, under the above IS) 
title, I stated that the F line widens as the sun is ap- 
proached, and that sometimes the bright line seems to 
extend on to the sun itself, sometimes on one side of the 
F line, sometimes on the other. 

Dr. Frankland and myself have pointed out, as a result 
of a long series of experiments, that the widening out 
is due to pressure, and apparently not to temperature , 
per sc ;» the F line near the vacuum-point is thin, and it 
widens out on both sides (I do not say to the same ex- 
tent) as the pressure is increased. Now, in the absence 
of any disturbing cause, it would appear that when 
the wider line shows itself on the sun on one side of 
t J^ e ^ line, it should at the same time show itself on 
the other ; this, however, it docs not always do. I have 
now additional evidence to adduce on this point, and 
1 See the Laboratory work further on. 
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third this time in the prominence line itself, off the sun. 
tA1 F ' K ~ In the prominence to which I have referred, the F 
bright line underwent the most strange contortions, as 
if there were some disturbing cause which varied the 
refrangfbility of the hydrogen line under certain condi- 
tions and pressures. 

The D line of hydrogen (?) also once bore a similar 
appearance. 

Secondly, as to the other phenomena which accompanied 
this strange behaviour of the F line, and were apparently 
the cause of it. 

In the same field of view with F, I recognized the 
barium line at 19S95 of KinchhofTs scale. 
rnr Passing on, the magnesium lines and the inclosed 
,»/ ,' v n j c kel-iron line were visible in the chromosphere. The 
siu"i, magnesium was projected higher into the chromosphere 
tr, 1 ’’ ''' ith f ^ lan the barium, and the nickel or iron was projected 
m-.v. higher than the magnesium. I carefully examined 
whether the other iron-lines were visible in the spectrum 
of the chromosphere ; they were not. 

I also searched for the stronger barium lines in the 
brighter portion of the spectrum ; but I did not find them, 
probably owing to the feeble elevation of the barium- 
vapour above the general level of the photosphere, which 
made the observation in this region a very delicate one. 

I detected another chromosphere-line very near the iron- 
line at t$ 6 g'S (on the east side of it). 

The sodium lines were also visible. 

Unfortunately clouds prevented my continuing these 
interesting observations : but the action was evidently 
toning down. 

Here, then, we have an uprush of 
Barium, 

Magnesium, 
i Nickel, 

and an unknown substance 

from the photosphere into the chromosphere, and with t w 
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uprush a dense prominence ; accompanying the uprush we 
have changes of an enormous magnitude in the prominence ; 
and as the uprush ceases the prominence melt? away. 

As stated in the former part of this paper, the barium 
and. magnesium lines were thinner than the corresponding 
Fraunhofer lines. In connection with this subject, I beg to 
be allowed to state that I have commenced a careful com- 
parison of KirchhofTs map with the recently published 
one of Angstrom. From what I have already seen, I 
believe other important conclusions, in addition to that 
before alluded to, may be derived from this comparison ; 
but I hesitate to say more at present, as I have not yet 
been able to compare Angstrom’s maps with the sun itself, 
or to examine the angular diameters of the sun registered 
at Greenwich during the present century. 

On the 14th inst. I also succeeded in detecting the 
hydrogen line in the extreme violet in the spectrum of the 
chromosphere. 
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Fourth Paper. 

Spectroscopic Observations of the Sun. No. IV. — By J. 
Norman Lockyer, F.R.A.S. From the Proceedings of 
the Royal Society, No. in, 1869. Received April 14, 

1869. 1 

I BEG to lay before the Royal Society very briefly the 
results of observations made on the 1 ith instant in the 
neighbourhood of a fine spot, situated not very far from 
the sun’s limb. 

I. Under certain conditions the C and F lines may be 
observed bright on the sun , 2 and in the spot-spectrum also, 
as in prominences or in the chromosphere. 

II. Under certain conditions, although they are not 
observed as bright lines, the corresponding Fraunhofer 
lines are blotted out. 

III. The accompanying changes of refrangibility of the 
lines in question show that the absorbing material moves 
upwards and downwards as regards the radiating material, 
and that these motions may be determined with consider- 
able accuracy . 3 

IV. The bright lines observable in the ordinary spectrum 
are sometimes interrupted by the spot-spectrum, i.e. they 
are only' visible in those parts of the solar spectrum near, 
and away from, spots. 

V. The C and F lines vary excessively in thickness over 
and near a spot, and on the nth in the deeper portion of 
the spot they were much thicker than usual. 

VI. Stars, in the spectrum of which the absorption-lines 
of hydrogen are absent, may either have their chromos- 
pheric light radiated from beyond the limb just balanced 
by the light absorbed by the chromosphere on the disc, 
or they may come under the condition referred to in II., 
either absolutely or on the average. 

1 Proc. A'.S.. vol. xvii, p. 415. * See Note F. * See Note <>• 
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< Addendum. — Received April 29, 1869. 


Since the date on which the foregoing paper was written, 
I have obtained additional evidence on the points referred 
to. I beg therefore to be permitted to make the following 
additions to it. 

The possibility of our being able to determine the 
velocity of movements of uprush and downrush taking 
place in the chromosphere depends upon the alterations of 
wave-length observed. 

It is clear therefore that a mere uprush or downrush at 
the sun’s limb will not affect the wave-length, but that if 
we hitve at the limb cyclones, or backward or forward 
movements, the wave-length will be altered ; so that we 
may have : — 

I. An alteration of wave-length near the centre of the 
disc, caused by upward or downward movements. 

II. An alteration of wave-length close to the limb, caused 
by backward or forward movements. 

If the hydrogen-lines were invariably observed to 
broaden out on both sides, the idea of movement would 
require to be received with great caution ; we might be in 
presence of phenomena due to greater pressure, both when 
the lines observed are bright or black upon the sun ; but 
when they widen out sometimes on one side, sometimes on 
the other, and sometimes on both, this explanation appears 
to be untenable, as Dr. Frankland and myself in our 
researches at the College of Chemistry have never failed to 
observe a widening out on both sides the F line when the 
pressure of the gas has been increased. 

On the 21st I was enabled to extend my former ob- 
servations. 

On that day the spot, observations of which form the 
subject of the paper, was very near the limb ; as this was 
the first opportunity of observing a fine spot under such 
circumstances I had been able to utilize, I at once com- 
menced work upon it. The spot was so near the limb that 
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its spectrum and that of the chromosphere were both 
visible in the field of view. 

The spot-spectrum was very narrow, as the spot itself 
was so greatly foreshortened ; but the spectrum of the 
chromosphere showed me that the whole adjacent limb 
was covered with prominences of various heights all 
blended together. 

Further, the prominences seemed fed, so to speak, from, 
apparently, the preceding edge of the spot ; for both C, F, 
and the line near D, were magnificently bright on the situ 
itself, the latter especially striking me with its thickness 
and brilliancy. 

In the prominences C and F were observed to be 
strangely gnarled, knotty, and irregular, and I thought at 
once that some “ injection ” must be taking place. I was 
not mistaken. On turning to the magnesium lines I saw 
them far above the spectrum of the limb and unconnected 
with it. 

A portion of the upper layer of the photosphere had in 
fact been lifted up beyond the usual limits of the chromo- 
sphere, and was there floating cloud-like. 

The vapour of sodium was also present in the chromo- 
sphere, though not so high as the magnesium, or unconnec- 
ted with the spectrum of the limb, and, as I expected, with 
such a tremendous uplifting force, I saw the iron lines (for 
the first time) in the spectrum of the chromosphere. 

My observations commenced at 7.30 a.m. ; by 8.30 there 
was comparative quiet. 

At 9.30 the action had commenced afresh ; there was 
now a single prominence. 

At the base of the prominence I got this appearance : 



. Higher up this : I . Here I may !»-' 

•'Sag 
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permitted to recall the observation made on March 14th, 
in which a slight movement of the slit gave me first 



these appearances being due to cyclonic action. 

On the following side of the spot, at about 10 A.M., I 
observed that the F line had disappeared ; at the point of 
disappearance there appeared to be an elongated, brilliantly 
illuminated lozenge lying across it at right angles, as if 
the spectroscope were analysing the light proceeding from 
a cyclone of hydrogen on the sun itself, but so near the 
limb that the rotatory motion could be detected. 

The next observations I have to lay before the Royal 
Society were made on the 27th inst. Careful observations 
on the 25th and 26th revealed nothing remarkable except 
that the chromosphere was unusually uniform. 

On the 27th a fine spot with a long train of smaller ones 
and faculae was well on the disc. The photosphere in 
advance of the spot, and the large spot itself, showed no 
alteration from the usual appearance of the hydrogen- 
lines ; but in the tails of the spot the case was widely 
different. 

The F line, at which I worked generally, as the changes 
of wave-length are better seen, was as irregular as on the 
former occasions. 

I. It often stopped short of one of the small spots, 
swelling out prior to disappearance. 

II. It was invisible in a facula between two small spots. 

III. It was changed into a bright line, and widened out 
on both sides two or three times IN the verv small spots. 

IV. Once I observed it to become bright near a spot, 
and to expand over it on both sides. 

V. Very many times near a spot it widened out, some- 
times considerably, on the less refrangible side. 
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fourth VI. Once it extended as a bright line without any 
. r . APER * thickening over a small spot. 


MjA* t? ^11. ^ ncc ** P u t on this appearance : 

half dark* 

Fit;. 146 

VIII. I observed in it all gradations of darkness. 

IX. When the bright and dark lines were alongside, the 
latter was always the less refrangible. 
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Fifth Paper. 


Spectroscopic Observations of the Sun. No. V. — By J. 
Norman Lockyer, F.R.S. From the Proceedings of 
the Royal Society, No. 115, 1869. Received July 8, 
1869. 1 


Since the date of my last communication under the above 
title, the weather has, if possible, been worse for telescopic 
work than during the winter and spring; my opportunities 
of observation, therefore, have been very limited ; still the 
sun has occasionally been in such a disturbed state, and 
our atmosphere has at times been so pure, that several new 
facts of importance have come out. 

I will state them here as briefly as possible, reserving a 
discussion of them and my detailed observations for a 
future occasion. 

I. The extreme rates of movement in the chromosphere 
observed up to the present time are : — 

Vertical movement 40 miles a second. 

Horizontal or cyclonic movement. 120 „ 

II. I have carefully observed the chromosphere when 
spots have been near the limb. The spots have sometimes 
been accompanied by prominences, at other times they 
have .not been so accompanied. Such observations show 
that .we may have spots visible, without prominences in the 
same region, and prominences without spots ; but I do 
not say that a spot is not accompanied by a prominence 
at some stage of its life, or that it does not result from 
some action which, in the majority of cases, is accompanied 
by a prominence. 

III. At times, when a prominence is seen bright on 
the sun itself, the bright F line varies considerably, both 
in thickness and brilliancy, within the thickness of the 
dark line. The appearances presented are exactly as if 
we were looking at the prominences through a grating. 
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i IV. Bright prominences, when seen above spots on the 
_ . disc, if built up of other substances besides hydrogen, 
are indicated by the bright lines of those substances in 
addition to the lines of hydrogen. The bright lines are 
then seen very thin, situated centrally (or nearly so) on the 
broad absorption- bands caused by the underlying less- 
luminous vapours of the same substances. 

V. I have at last detected an absorption-line correspond- 
ing to the orange line in the chromosphere. Father 
Sccchi states 1 that there is a line corresponding to it much 
brighter than the rest of the spectrum. My observation 
would seem to indicate that he has observed a bright 
line less refrangible than the one in question, which bright 
line is at times excessively brilliant. It requires abso- 
lutely perfect atmospheric conditions to see it in the 
ordinary solar spectrum. It is best seen in a spot- 
spectrum when the spot is partially covered by a bright 
prominence. 

VI. In the neighbourhood of spots the F bright line 
is sometimes observed considerably widened out in several 
places, as if the spectroscope were analysing injections of 
hydrogen at great pressure in very limited regions into the 
chromosphere. 

VII. The brilliancy of the bright lines visible in the 
ordinary solar spectrum is extremely variable. One of 
them, at 1871 •$, and another, at 15 29^5 of Kirchhoff’s 
scale, I have detected in the chromosphere at the same time 
that they were brilliant in the ordinary solar spectrum. 

VIII. Alterations of wave-length have been detected in 
the* sodium, magnesium, and iron lines in a spot- spectrum. 
In the case of the last substance, the lines in which the 
alteration was detected were not those observed when iron 
(if we accept them to be due to iron alone) is injected into 
the chromosphere. 

IX. When the chromosphere is observed' with a tan- 
gential slit, the F bright line close to the sun's limb 

* * Comptes Re ttdus , 1869, »'. scm., p. 358. 
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shows traces of absorption, which gradually diminish as the fifth 
higher strata of the chromosphere are brought on to the PAPER - 
slit, until th<j absorption-line finally thins out and entirely 
disappears. The lines of other substances thus observed 
do not show this absorption. 

X. During the most recent observations I have been 
able to detect traces of magnesium and iron in nearly all 
solar latitudes in the chromosphere. If this be not merely 
the result of the good definition lately, it would indicate 
an increased general photospheric disturbance as the maxi- 
mum sun-spot period is approached. Moreover I suspect 
that the chromosphere has lost somewhat of its height. 

I append a list of the bright lines, 1 the positions of 
which in the chromosphere I have determined absolutely, 
with the dates of discovery, remarking that in the case 
of C and F my observations were anticipated by M. 

Janssen : — 



Hydrogen. 

List of 

c. 

October 20, 186S. 

c n vofnO" 
s/he r it 

F. 

October 20, 1S68 

bright 

near D. 

October 20, 186S. 2 


near G. 

December 22, 1868. 


h. 

March 14, 1869. 



Sodium. 


D. 

February 28, 1869. 



Barium. 


19895. 3 

March 14, 1S69. 


203 T2. 

July 5, 1869. 



Magnesium and included line. 

b x 

ir* 

b* 

1 Sec dSFote H. * Hydrogen ? 

* This reference is to KirchhofT's scale. 
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Iron 

> 

1 474 * 

ckr&mo- 

1 5 * 5 ' 5 - 

'spheric 

bright 

Bright line . . 

15295. 

lints. 


« 567-5- 


> 

16138. 


Iron 

18670. 


Bright line . . 

1871-5. 


Iron 

20015. 


> 

20034. 


? band or line near black ) 

2054-0. 


line, very delicate . . . J 


June 6, 1869. 
June 6, 1869. 
July 5, 1869. 
March 6, 1869. 
June 6. 

June 26. 


ff 


July 5. 


I have seen other lines besides these at different times, 
but I do not include them, as their positions have not been 
determined absolutely. 

I refrain from dwelling on this list at present, except to 
point out that, taking iron as an instance, and assuming 
that the iron lines mapped by Angstrom and Kirchhoff are 
due to iron only, I have only been able, up to the present 
time, to detect three lines out of the total number (460) 
in the spectrum of the lower regions of the chromosphere, 
— a fact full of promise as regards the possible rosuhs 
of future laboratory work. The same remark applies to 
magnesium and barium. 


nyjsnin? Dr. Frankland and myself have determined that the 
iiit""' widening out of the sodium line in the spectrum of a spot 
which I pointed out in 1866, and then stated to be possibly 
an evidence of greater absorption, indicates a greater 
absorption due to greater pressure. 

The continuous widening out of the sodium-line in a 
spot must therefore be regarded as furnishing an additional 
argument (if one were now needed.) in favour of the theory 
of the physical constitution of t,%efsun first put forward by 
Dr. Frankland and myself — na*ro | fc jjia t the chromosphere 
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and the photosphere form the true atmosphere of the sun, 
and that under ordinary circumstances the absorption is 
continuous from the top of the chromosphere to the bottom 
of the photosphere, at whatever depth from the bottom of 
the spot that bottom may be assumed to be. 

This theory was based upon all our observations made 
from 1866 up to the time at which it was communicated to 
the Royal Society and the Paris Academy of Sciences, and 
has been strengthened by all our subsequent work ; but 
several announcements made by Father Secchi to the Paris 
Academy of Sciences and other learned bodies are so 
opposed to it, and differ so mudh from my own observa- 
tions, that it is necessary that I should refer to them, and 
give my reasons for still thinking that the theory above 
referred to is not in disaccord with facts. At the same 
time I must state that Father Secchi does not combat this 
theory ; indeed it is not to be gathered from any of his 
communications that he has seen any of the papers com- 
municated by myself to the Royal Society. 

Father Secchi states that the chromosphere is often 
separated from the photosphere, and that between the 
chromosphere and the photosphere there exists a stratum 
giving a continuous spectrum, which he considers to be the 
base of the solar atmosphere, and in which he thinks that 
the inversion of the spectrum takes place. 1 

With regard to the first assertion, I may first state that 
all the observations 1 have made have led me to a contrary 


conclusion. Secondly, in an instrument of comparatively 
small dispersive power, such as that employed by' Father 
Secchi, in which the widening out of the F line at the base 
of the chromosphere is not clearly indicated, it is almost 
impossible to determine, by means of the spectroscope, 
whether the chromosphere rests on the sun or not, as the 
chromosphere is an cnyelo^eagid we are not dealing merely 
with a section. But - ^ instrument of great dispersive 
power can at once. question ; for since the F 
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line widens out with pressure, and as the pressure in. 
creases as the sun is approached, the continuous curvature 
of the F line must indicate really the spectrum of a 
section; and if the chromosphere were suspended merely 
at a certain height above the photosphere, we should not 
get a widening due to pressure : but we always do get 
such a widening. 

With regard to the second assertion, I would remark 
that if such a continuous-spectrum-giving envelope existed, 
I entirely fail to see how it could be regarded as a region 
of selective absorption. Secondly, my observations have 
indicated no such stratum, although injections of sodium, 
magnesium, &c. into the chromosphere not exceeding the 
limit of the sun's limb by 2 " have been regularly observed 
for several months past. To-day I have even detected a 
low level of barium in the chromosphere not i" high. 
This indicates, I think, that my instrument is not lacking 
in delicacy ; and as I have never seen anything approach- 
ing to a • continuous spectrum when my instrument has 
been in perfect adjustment, I am inclined to attribute the 
observation to some instrumental error. Such a phenome- 
non might arise from a local injection of solid or liquid 
particles into the chromosphere, if such injection were pos- 
sible. Hut I have never seen such an injection. If such an 
occurrence could be observed, it would at once settle that 
part of Dr. Frankland’s and my own theory, which regards 
t he chromosphere as the last layer of the solar atmosphere; 
and if it were possible to accept Father Secchi's observa- 
tion, the point would be settled in our favour. 

The sodium experiments to which I have referred, how- 
ever, and the widening out of the lines in the spot-spectra, 
clearly indicate, I think, that the base of the atmosphere 
is below the spot, and not above it. 1 therefore cannot 
accept Father Secchi’s statement as being final against 
another part of the theory to/lvhich | frave referred— «> 
conclusion which Father Secchi himself seems to accept 
in other communications. 
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Father Secchi remarks also that the F line is produced 
by the absorption . of other bodies besides hydrogen, 
because it never disappears. This conclusion is also 
negatived by my observations ; for it has very often 
been observed to disappear altogether and to be replaced 
by a bright line. At times, as I pointed out to the Royal 
Society some months ago, when a violent storm is going 
on accompanied by rapid elevations and depressions of 
the prominences, there is a black line on the less refrang- 
ible side of the bright one ; but this is a phenomenon due 
to a change of wave-length caused by the rapid motion of 
tite hydrogen. 

With regard to the observation of spot-spectra, I find 
that every increase of dispersive power rend^s the pheno- 
menon much more clear, and at the same time more 
simple. The selective absorption I discovered in 1866 
comes out in its most intense form, but without any of the 
more complicated accompaniments described by Father 
Secchi. I find, however, that by using three prisms this 
simplicity vanishes to a great extent. We get portions 
of the spectrum here and there abnormally bright, which 
have given rise doubtless to some of the statements of the 
distinguished Roman observer ; but the bright lines, pro- 
perly so-called, are' as variable as they are in any other part 
of the disc, but not much more so. I quite agree that the 
“ interpretation *' of sun-spot phenomena to which Father 
Secchi has referred, 1 which ascribes the appearances to 
anything but selective plus general absorption, is erroneous, 
but as I was not aware that it had ever been propounded, 

I can only refer to my own prior papers in support of my 
assertion, and to Mr. Huggins’ endorsement of my obser- 
vations, which were communicated to the Royal Society 
somc three years ago. 


K ,8 &» M&em. P- 764. - 
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fifth This paper, which appeared in the Comptes Rendus of 
rAPKK ' the French Academy, as well as in the Proceedings of t/ ie 
Royal Society, was followed by a discussion between Father 
Secchi and myself, in the Comptes Rendus of the Paris 
Academy, which, in justice to that observer, must be given 
here. Father Secchi’s reply 1 runs as follows : — 

“ Rome, ce 30 juillet, 1869. 

“ Absent de l’Observatoire pendant quelques jours, e’est 
seulement hier que j’ai eu connaissance de la Note de M. 
Lockyer, inseree dans les Comptes Rendus du 12 juillet. 
Dans cette Note, M. Lockyer reprEsente mes rEsultats sur 
la constitution du Soleil comme tri's-opposls aux siens, mais 
il avoue en meme temps que je ne combats pas sa theorie ; 
il en conclut que je u'ai pas connaissance dcs Memoires 
presentes par Ini a la Societe Royale. Pour bien jugcr de 
cette divergence, il faut sEparer deux choses, les faits les 
hypotheses. l° M. Lockyer conteste des faits observes par 
moi : je ferai done voir quelle est la cause pour Iaquellc il 
n’a pas pu les verifier ; 2 C> il expose une theorie sur Iaquellc 
nous sotnmes partiellement d’accord, et que je rejette cn 
partie ; mais ce point est tout fait secondaire pour moi. 
Pour ce qui regarde scs travaux, j'avoue que je n’ai 
connaissance que de ceux qui ont ete publics dans les 
Comptes Rendus ou dans les Mondes. Ces derniers sent 
sans doute des extraits bien imparfaits, et les Enunciations 
soqt si vagues et si generales qu’elles se pretent a toute 
interpretation, et etabliraient la priorite de toute dEcouvcrte 
possible. Que conclure, par exemple, de ces expressions 
que, sous certaines conditions, on voit telle ou telle chose 
(p. 1 22, premier et dcuxiEmc alinea) ? Il faut Etablir nette- 
ment ces conditions, car tout reste possible. Ainsi, lors- 
que M. Lockyer aflirme m’avoir prEcedE dans les observa- 
tions des injections de magnEsium ; on ne peut pas dire 
jusqu’d quel point cela est exact, car je ne trouve p aS 
encore publiEs rEguliErenient les dEtails de son observation, 
et, du reste, fat clairement vu et dlwontrS queseulcmcnt unt 
1 Comptes Rendus , t. lxix., p. 31 , et set/. , August 2, 1869. 
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ligni du ‘magnesium est renvcrsde, et quel' autre ligne brillante 
occupe l' espace intermCdiaire des deux plus voisincs. Ce sont 
des fa its capitaux dans notre sujet, qu’on ne peut pas 
enoncer d’une manure aussi vague que le fait M. Lockyer.. 
II est done grandement k d6sirer que M. Lockyer com- 
munique ses resultats avee plus de details, pour etablir scs 
droits sur ce point et sur les autres. 

“Venons maintenant aux faits qu’il met en doute. II 
conteste d’abord ce que j’ai dit sur la couche a spectre 
continu que j’ai vue dans le Soleil, entre le bord et la 
chromosphere ; et, dans sa critique, il mele des idees theo- 
riques que je n’accepte pas. Quant au fait, je l’ai asses 
souvent vu et revu pour n en pouvoir pas douter ; j’ai me me 
detailie toutes les circonstances dans lesquelles il se mani- 
feste ct les precautions a employer pour lc voir, desorte que' 
je n’ai aucun doute, et je 11 ’ai pas a revenir sur ce point. 
Dans cctte matiere, une observation negative ne fait pas 
autorite, et ce sont ces resultats negatifs qui ont tant 
retard^ la decouverte de ces phenomoncs si faciles a voir. 

“ M. Lockyer rejettc son insucces sur la petitesse de mon 
instrument : dans une autre question parallele k celle-ci, 
on a aussi commence par cettc objection, mais on a fini 
par ad’mettre le resultat : il en sera ainsi de la presente ; 
car un spectroscope qui fait voir toutes les raies de Kirch- 
hoff, et qui poss&de une telle dispersion et une telle force 
refractive, que le rayon sorti des trois prismes est parallele 
au rayon entrant, un instrument auquel on peut appliquer 
de plus un prisme vision directe de la force de deux 
autres prismes, de mani6re a en faire en reality un instru- 
ment a cinq prismes, ne me parait pas un instrument faible 


pour cette espdcc de recherches. 

" Je crois, au contraire, que le d«*faut est du cote de M. 
Lockyer. Je ne connais pas en detail sa maniere d’obser- 
vcr , n * son instrument, mais il me semble, par la description 
de ses resultats, qu’il ne grossit pas, ou qu’il grossit peu 
image du Soleil, Dans ce cas, il est evident qu’il ne 
pourra pas sdparer la lumiere de la couche en question de 
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la lumicre de couches qui l’environnent, car cette couchc 
aura k peine 1’epaisseur de la Jargeur de la fente dans 
I’image directe d'une lunette de neuf polices, comme la 
rnienne. Au contraire, avec mon systeme d’observation, 
en grossissant convenablemcnt I’image directe, on donnc 
plus de largeur k la couche, et il devient possible de la 
separer des autres. 

“Jecrois encore que M. Lockyer sc meprend, lorsqu’il 
dit que mon instrument est incapable d clargir la raie F a 
la base, et que cette meprise tient a la meme cause, la 
petitesse de son image directe. En effet, cn employ, mt 
l'image directe, j’ai vu la raie F tres-brillante et cn forme 
de fer de lance, et en ouvrant un pen la fente on voyait 
toute la protuberance, ct on relevait son contour ordinairc- 
ment conique. Mais ces apparences s’evanouissent cn 
grossissant l’image solaire, car la protuberance acquiert 
alors une hauteur lineaire plus grande, et unc largeur qui 
surpasse plusieurs fois la largeur de la fente. 

“ M. Lockyer insiste beau coup sur l'clargissemcnt tie 
cette raie F a la base, mais j’ai des doutes sur I’importance 
qu’il lui attribue. En effet, les lignes lumincuses I\ C, on 
autres que nous voyons, no sont pas des objets reels: dies 
sont settlement l’image de la fente ectairee par la lutnierc 
d’une certaine refrangibilitc. Cette image doit, pqur unc 
lumicre homogene, t‘tre term i nee par deux lignes paralldcs, 
lorsquc l’image de la protuberance a une largeur supericurc 
A la largeur de la fente. C’est reel lenient ce quo jc vois 
habitucllement, car la raie F se prtfsentc avec unc longueur 
apparente de i a 2 centimetres : 1 clle traverse parfois 
toute la largeur du spectre. Cette ligne cst .toujour* 
terminec par une pointc effilee, comme les autres raics C ct 
D 3 . S’il y a done une dilatation k sa base, elle pout provenir 
de deux causes: i° d'une irradiation, due k la vivacitccc 
la lumicre, qui y produit une expansion apparente ; - 

1 Cette manure d'ifnonccr la grandeur apparente cst sans 
vuigairc, mais clle est asset commode pour donner unc Klee 
grandeur du phdnomimc observd. 
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dune difference de‘ refrangibilitu, qui, ajoutant de nouveaux 
rayons & droite et a gauche de la raie, l’elargit aussi. Ces 
deux causes sont egalement possibles et probables, et il 
reste a trouver la veritable. 

“ C’est d’abord un fait bien constate que l’intensite de la 
lumiere des protuberances n’est pas toujours la meme et 
que I’irradiation est parfois assez forte pour donner a la 
raie C la forme de coin paraissant plus dilatee 
i la oil elle est plus vive : niais, en mettant 


soigneusement au point focal de vision la fente, 
et surtout en amplifiant I’image de la protu- 
berance, com me je le fais habituellement, on trouve tou- 
jours une portion rectiligne tcrminee par une pointe. Et 
1 * s'il y a un nuage suspcndu, on voit nette- 

I ment le milieu du nuage rectiligne et les 
f iff.ts-3 cxtremites en pointe effilee. Cette pointe, 

I du reste, peut bien s’expliquer, soit par la 

* — v densite du nuage soit par l’intensite de la 

' lumiere. 


FIFTH 

PAPER. 


Appear* 
a n ee of Q. 


<: Je crois done que, si M. Lockyer grossit convenablc- 
ment ses images, il verra disparaitre ces courbures des- 
quelles il tire beaucoup de conclusions, qui sont pour cctte 
raison au moins douteuses, et qui pourraient bien etre, 
ou un effet de la forme meme de la protuberance qui 
serait plus etroite que la fente elle-meme, ou un effet 
d’irradiation. 

“ M. Lockyer continue ses objections par des considera- The ohjt V- 
tions theoriques, et dit que, si la chromosphere etail sitsfcn- 
due d unc certaine distance de la photosphere, nous nc pournons ^/' ectre n 
trouver un flargissement dii d la pression. J’avoue que je 
ne vois pas la legitimitd de cette conclusion ; car, meme en 
admettant la chromosphere suspendue, elle devrait toujours 
suivre la loi du decroissement de densite que subit l’atmo- 
spliere solaire dans laquelle elle nage. Il faut bien remar- 
quer que cette structure des masses suspendues dans une 
atmosphere ne resulte pas des observations spectroscopiques, 
niais bien des observations des Eclipses ; et il est impossible 
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d’admettre que ces nuages ou ces colonnes inclines puis- 
sent rester suspendues, sans un milieu qui les supporte et 
qui soit different d’elles-mfimes. M. Lockycr, qui n’admet 
pas ce milieu, ou nagent les protuberances, trouve sans 
doutc inadmissibles bien des choses, mais A notre tour 
nous n'adrnettons pas son hypoth&se, que la chromosphere 
soil la dernier e conche de P atmosphere solaire. 

" Mais laissant de cote la theorie et revenant aux faits, 
il me semble que, pendant que t M. Lockyer rejette mes 
resultats, il vient reellement les appuyer par ses observa- 
tions. E n effet, il dit avoir vu partout de nombreuses 
emanations de sodium de I a 2 secondes, ct d’autres 
metaux, etc. Or, je demande comment il a vu ccs emana- 
tions ? Sans doute par le renversement des raies ou par 
^absence des raies noires : or e’est la preciscment le fait 
conteste ; e’est -a- dire qu’il y a au bord du Solcil un filet 
tres-mincc, ou un grand nombre de ces raies ct parfois 
toutes les plus faibles disparaissent. M. Lockycr appuie 
done mon observation en la combattant, et la seule diffe- 
rence entre nous scrait qu’il a cu occasion de voir des pheno- 
mencs plus saillants, pendant que j’ai vu des ph<-nomenes 
plus compliques. M. Lockycr n’admet pas mes resultats, 
parce qu’il les croit incompatibles avec la theorie: il ajoute 
que cela scrait settlement possible si des particulcs solides ct 
tiquides ponvaient e/re injeett'es dans la chromosphere. Nous 
nc voyons pas cette impossibility, et d’ailleurs il y a peut- 
ctre bicn des manieres d’interpreter un tel phenomene ; du 
reste, la formation d’une theorie definitive quclconque me 
parait prematurce, parce que nous n’avons pas assez de 
faits encore bien constates. 

“ M. Lockyer n’admet pas memo cc que j’ai trouve dans 
le spectre des tAches, et cherche a mettre mes resultats cn 
opposition avec les siens ; mais ici nous sommes, en partie 
au moins, parfaitement d’accord. M. Lockyer dit : L't'lor- 
gissement des raies dans le spectre indique claircment,je pense, 
que la base de, P atmosphere est au-dessous des taches ct non 
au -Jess ns je nc peux done ad mettre que les affirmations tin 
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p Secchi soicnt des arguments dffinitifs contre une partie de fifth 
la tldorie que je viens de rappeler , etc. Autant qu’il m’est _ PA ‘‘ ER ' 
possible de comprendre cette phrase, nous ne sommes pas 
en disaccord ici. En eflfet, j’ai admis moi-meme que, dans 
les taches, il se produit une absorption plus forte par la 
raison qu' dant des cavites remplies de la matiere de Tfu spots 
1' atmosphere transparente dtt Soleil, elles constituent une 
couche plus profotide, ce qui implique bicn que la base de absorption. 
l’atmosphere soit au-dessous des taches, comme le veut 
M. Lockyer. Cela est encore plus clair dans 1 ’hypothese 
de Wilson et Herschel, d’apr£s laquelle la photosphere ne 
scrait qu’un brouillard lumineux suspendu dans l’atmo- 
sphere transparente, hypothese que jusqu’ici jc juge la plus 
probable. Du reste, je ne sais pas quelles sont les affirma- 
tions auxquelles il fait ici allusion, surtout apres avoir 
declare que je ne combats pas sa theorie. 

“ M. Lockyer conteste aussi ma conclusion, que la raie F Composite 
puisse etre composde, car il dit qu’il n’a pas observe lesfaits “J 

que j’ai indiques. Cela me parait inconcevable, car lui- 
nieme, a la page 122, n° IX, il dit expressement : lorsque la 
ligne brillante (F) et la ligne noire se trouvaient cote a cote, 
la dernihe ctait ton jours la mows refrangible. Or e’est la 
justement ce que j’ai observe et enonce de cette manierc, 
que pr&s du bord la ligne brillante ne remplit pas toute la 
largeur de la ligne noire, mais en laisse une partie noire du 
cote du .rouge. Le fait est au fond le mcme, et si j’ai pu 
le constater, malgrd sa delicatesse, cela prouve bien que 
mon instrument n’est pas insuffisant. Si M. Lockyer a vu 
la raie F renversde, cela n’est pas surprenant, car elle doit 
se renverser comme la raie C, mais il sera bien difficile de 
constater le renversement total, car la lumiere de la raie F 


est plus faible que celle de la raie C. 

“ Du reste, il est difficile de juger des details de ces 
observations et de trouver la source des discordances entre 
les deux obs^rvateurs, sans connaitre k fond le syst^me 
observation employ^ par M. Lockyer. S’il ne grossit pas 
convenablement son image, il pourrait bicn se faire quetous 
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ces mouvements ct ces changements de r^frangibilitc dcs 
raies, qu’il dit avoir observes, fussent des illusions. J’ai vu 
frequemment des mouvements semblables se traduisant 
quelqucfois par unc duplication de la raie, mais je Ies ai 
attributes a 1’agitation de notre atmosphere, et a la chalcur 
solaire agissant sur la fente, qui pcut bien produire des 
deviations accidcntelles des rayons. Ordinairement, ccs 
phenomenes disparaissent cn mettant bien au foyer l’appa- 
reil. Cela soit dit cependant sans revoquer en doute les 
assertions de cet observateur Eminent, mais seulementpour 
lc mettre en garde contre une cause d’illusion qui a d’autant 
plus d’influence que les images sont plus petites. 

“ Pour n'titre pas trop long, j’omettrai d’autres details 
secondaires, et je terminerai par ce qu’il dit sur le spectre 
observ'd par moi dans 1’interieur des taches. Ici il ne rn'.i 
pas etc* aussi facile de saisir sa critique, car il dit que ‘j'ai 
dYcrit des phenomenes trcs-eompliques, aceompagnant ce spectre 
dcs taches* ce qui voudrait dire qu’en realite les phenomenes 
sont plus simples : cependant il ajoute ‘ qu'avec trois prisntes, 
la simplicity' s' dea nonit en grande par tie : ’ cela me paraitune 
contradiction ; ct, du restc, si avee trois prismes j’ai vu des 
phenomenes compliqucs, cela prouve que l’instrumcnt n est 
pas mauvais. M. Lockyer par ait contester le fait affirme par 
moi, que dans les taches l’intensite relative des diflferentes 
parties est notablement alteree car il dit que, dans les taches, 
les lignes brillantes sont aussi variables que dans les attires 
parties du disque. Si e’etait la le sens de la critique, jo 
devrais vraiment regretter qu’il fut arrivd a ce resultat 
completement errone, et je n’aurais pas unc haute opinion 
de son instrument et de sa methode d’observation, car ccttc 
particularity decouverte par moi, est si saillante, qu elle a 
pu etre vue par un grand nombre d’observateurs, entre 
lesquels des astronomes assez distingues. Mais peut-etio 
n’ai-je pas bien saisi le sens de 1 ’objection. 

“ Du rcste, pour le moment, ces recherches sont 
praticables dans notre climat, et je me reserve de revenir 
sur ce sujet, des que la saison moins bri'ilante le permettra. 
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To these remarks of Father Secchi I sent the following, 
reply 1 : — 

« La partie de ma Communication qui a etc imprimee 
dans les Comptes Rendus du 12 juillet, et qui a rapport aux 
observations du P. Secchi, avait pour objet, comme je l’ai 
dairement indique, I’dtablissement de certains points sur 
Icsquels nos observations n’etaient pas d’accord, afin que 
d’autres personnes puissent employer la nouvellc methode 
d’observation dans les meilleures conditions. 

“ J’ai done dte un peu surpris du ton de la reponse du 
P. Secchi, ton que je n’ai pas la moindre intention d'imiter 
dans le presente Communication. 

“ Je trouve, dans la lettre du P. Secchi : 

“ 1° Qu’il tient encore a ‘une couche donnant tin spectre 
cent inn, couche qu’il considere comme la basede F atmosphere 
solatrc et dans laquelle il pense que s'cffcctue le rcnvcrscmcnt 
selon la theorie de Kirchhoff ; ’ 

“ 2° Qu’il a des doutes sur ['importance que j’attribue a 
l’elargissement de la raie F a sa base £ sur lequel le Dr. 
Frankland et moi avons fonde notre estime de la pression 
de la chromosphere ; 

“ 3 a Qu’il a aussi des doutes sur les changements dc 
longueur d’onde dans les raies dc l’hydrogene que j’ai 
affirme etre continuellement visibles, sur le Soleil et en 
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“ 4 Qu’il soutient encore que la raie F est due a [’absorp- 
tion de quelqu’autre substance, en outre de Phydrogene. 

“ Sur tous ces points, je m’en remets volonticrs au juge- 
ment de l’avenir. Je puis cependant faire remarquer, quant 
qui touche le premier de ces points, que quoique je 
ne voie rien qui resseinble a un spectre continu, je vois 
positivement des traces d'absorption reduite dans la couche 
exterieure de la photosphere, et le Dr. Frankland et moi 


avons montrd que l’absorptioh augmente lorsque les couches 
•nferieures sont mises en action comme dans une tache. 
c P. Secchi a « 5 crit nScemment {Comptes Rendus , 1869, 2" 
Comptes Rendus , vol. cit., p. 453, et seq.. August 16th, 1869. 
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semestre, p. 41): ‘Ayant examine comparativement le 
. spectre du noyau des taches et celui du bord du disque du 
cote interieur, je suis arrive i\ la conclusion que ces deux 
spectres se ressemblcnt considerablement. L'Clargissmcut 
des rates constate dans le noyau se. reproduit prh du bord.’ 
Je ne trouve pas cela, mais il me semble que e’est une 
contradiction pure et simple avee son assertion relative au 
spectre continu dans ces regions. 

“ Quant au second point, dans lequcl 1'influence do la 
pression est mise en question, jc cite encore ( Comptes 
Rend us, 1869, 2 t semestre, p. 41) : 1 J’ai encore porte mon 
attention sur la largeur des raies brillantes de la chromo- 
sphere et j’ai constate que, en general, les raies principals 
sont toutes trois plus larges a la base qu'au sommet, ce qui 
PROUVE I/INFLU EXCK DE LA PRESSION txereee par les 
couches super ieurcs! Ces expressions me frappent, commc 
etant une nouvelle contradiction, et le P. Secchi devra choisir 
entre ses assertions opposees. Mais je dois lui rend re la 
justice d’adnjettrc qu’il avait deja imagine qu’on pourrait 
arriver a quclque resultat au moyen d'experienccs de 
pression ; car il avait recoin mande d’observer la spectre dc 
l’hydrogene sous une tres-fortc pression, tandis que le Dr. 
Frankland et moi avons reussi en operant pres du point 
du vide. 

“Laissant done de c6te des points importants sur 
lesquels, commc je I’ai deja dit, jc m’en remets a la decision 
de l’avenir, il y en a plusieurs d’une importance moindre, 
sur lesquels jc prie l’Academie de me permettre dc dire 
quelques mots. 

“ Le P. Secchi dit : ‘ Lorsque M. Lockyer aflirmc 
m’avoir precede dans les observations des injections de 
magnesium, on ne peut pas dire jusqu’4 quel point ccla est 
exact' En ce qui touche & la question de prioritc, jc ne 
regarderais pas cette remarque comma mdritant une 
rdponse ; mais comma le P. Secchi paraft jeter un doutc 
sur ma veracitd, je le prierai de lire un Mdmoire com- 
munique a la Socidtd Royale le 4 mars 1869, dans lequcl il 
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est &abli qttfles premieres observations ont 6t6 faites les fifth 
2 i et 28 fdvrier. , _i AF i R l_ 

“Quant k son assertion qu’il enonce ainsi : ‘J’ai claire- Theques- 
ment vu et d^montre que seulement une ligne du magne- 
sium est renvers^e et que l’autre ligne brillante occupe Smg ‘ ‘" e ' 
1’espace intermedia ire des deux plus voisines,’ je me 
consid£re comm*! pleinement justifid en niant l’exactitude 
de l’observation, et je laisse cette question, comme les 
autres, a la decision de l’avenir ; je ne m’aventureraiS pas 
jusque-li si une longue sdrie d 'experiences, faites au 
College Royale de Chimie, n’avait pas ete completement 
d’accord avec mes observations t&escopiques qui ont deji 
ete decrites dans les Comptes Rendus. 

“ Le P. Secchi me fait le reproche de meler la theorie Value of 
avec les observations. J’avoue franchement qu’il en est ''/ lW 

t f" * - ^ ( l/lt 0) v* 

ainsi. Je confesse qu une rcmarque faite, il y a deja 
quelque temps, par M. Faye est toujours presente a mon 
esprit lorsque je me livre a des observations. Void cette 
rcmarque : ‘ Une bonne theorie est aussi necessaire qu’un 
bon telescope.’ Sans une hypothesc qui dirigeait mon 
travail, j'aurais bien certainement beaucoup moins interroge 
le Soleil que je ne l’ai fait, et ce serait une naivete de dire 
que, dans une recherche comme celle que nous poursuivons 
maintenant, il ne convient pas d'observer aveuglemerit ou 
au hasard. Par exemple, j’ai commence par m’appuyer sur 
la theorie, gdn^ralement admise alors, que ‘ l’absorption 
avait lieu en dehors de la photosphere,’ ce qui est evidem- 
rnent 1'idtSe actuelle du P. Secchi, comme on le voit par 
1 extrait d’une de ses dernieres Communications que j’ai 
deja cite. Mais, en mettant a l’epreuve cette theorie de 
toutes les manures, j’ai reconnu qu’elle etait insoutenable, 
e t je crois pouvoir dire que, si le P. Secchi avait fait comme 
moi, il y aurait eu moins de contradictions darts ce qu’il a 
cherch£ k tHablir, et aussi qu’il aurait t.ouve que cette 
theorie n’est pas soutenable. Mais j’avoue que la remarque 
Qu il est trop tdt pour «5tablir une theorie, venant du P. 
becc h‘» m’a un peu dtonncS car je trouve un grand nombre 
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“ Dans ma premiere Note, j’etablissaf3H*?que^ -•» ) a 
chromosphere etait suspendue \ une certainodfjstaneede la 
photosphere, nous ne pourrions trouver un etogfecsement do 
a la pression.’ Sur ce point, P. Seech i fait remarquer qu’il 
ne voit pas la justesse de ma conclusibn. Cela peut 
dependre de ce qu’il n’admet pas que la raie F selargit par 
la pression. Mais ma remarque signific simplement que, 
si la chromosphere etait mince au lieu d’etre epaisse, e'est- 
a-dirc si elle ne s’etendait pas jusqu’a la photosphere, 
il y. aura it moins de place pour que la pression devienne 
evidentc. II ajoute alors : * Cette structure des masses 

suspendues dans une atmosphere rcsultc .... des 

obser\’ations des eclipses.* Je demanderai alors ou de 
tel les observations de la chromosphere (car les preeminences 
sont hors de la question) ont etc consignees, et comment 
ces observations, si ellcs existent, pourraient nous servir 
dans une telle question. 

“ Je lis ensuite : * II est impossible d’admettre que ccs 
images ou ces eolonnes inclinecs puissent rester suspendues 
sans un milieu qui les supporte et qui soit different d’clles- 
mcmes.’ A cela je repondrai que, si le P. Secchi ou tout 
autre pent prouver l’existcncc dc ce milieu, je l’admcttrai 
bien volontiers ; mais j’aurai toujours present h 1’esprit : 

“ i Que, quoique le Dr. Franklaiul et moi ayons de- 
montre que la temperature e.st asset: elevee dans la region 
des preeminences pour rendre d’autres substances incan- 
descentes s’il y en avait la, le spectroscope ne nous fournit 
aucun indice de leur existence ; 


“ 2 * Que la tenuite des proemincnces est excessive ; 

“ 3* Que les preeminences ne sont pas stables, mais sont 
rapidetnent entrainees au dela du niveau superieur de la 
chromosphere et disparaissent aussi rapidement ; 

" 4 ® Qu’il n’y a pas d’hydrogene plus froid au dessus de 
la chromosphere, car nous n’aurions alors que la raie 1 
toute scule ; 
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^Pfcydrog^ne est Ie plus leger de tous les gaz. 

,* J. Secchi regarde mes observations d’injections de 
soctfdnv cfo magnesium, etc., dans la chromosphere, comme 
uhe Existence de la couche ou stratum a spectre 

contlnu^<|ll’i|^place au-dessous de la chromosphere. Je lui 
demanderai comment cela est possible. Mes observations, en 
outre, d< 5 montrent, je pense, que les vapeurs de sodium, de 
magnesium, etc.soht immediatement places au-dessous de 
la chromosphere, et alors comment peuvent-cllcs donner 
au-dessus un spectre continu, si dies n’en donnent pas au- 


dessous ? 

•‘Dans ma derni^re Communication j’ai dit qu’ea em- 
ployant trois prismes, les phenomenes des taches pouvaient 
etre aussi compliques que le P. Secchi les a decnls, mais 
qu avec les puissantspouvoirs dispersifs que j’emploie, cette 
complication disparalt en tres-grande partie. A cette occa- 
sion le P. Secchi dit que ‘ je cherchc a mettre mes resultats 
en opposition avec les siens.’ Je ferai remarquer que mon 
but etait justement le contraire, et je cite encore un des 
dernicrs Mdmoires du P. Secchi ( Comptes Rendus, 1869, 2 e . 
semestre, p. 166), d’une date plus recente que celui dans 
lequel il etablit que le spectre d une tache est semblable a 
cclui du limbe : ‘ II n’y a pas production des raies fonda- 
mentales nouvclles, mais seulcment un renforcement con- 


siderable des raies solaircs connues comme deja existantcs; 
Sur ce point, je laisserai encore le P. Secchi se mettre 
d accord avec lui-mome. Quant a ce qui touche specialc- 
ment aux raies brillantes, visibles parfois dans les taches, 
que le P. Secchi regarde comme dues a la radiation du 
noyau gazeux interieur du Soleil ( Comptes Rendus, 1869, 
1". trimeatre, p. 165), je puis dire seulcment que je n’ai 
pas vu dans des taches de lignes brillantes qui ne fussent- 
visibles en memo temps dans le spectre solaife ordinaire. 

II est vrai que, dans les taches, dies sont beaucoup mieux 
vucs. , 
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Pn terminant, jedoisdire que la methode ^’observation 
H ue j’emploie, et dont je regrette de voir que le P. Secchi 
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fifth fait si peu de cas, consiste a observer 1'image actuelle.du 
PAPK *' Soleil fournie par un refracteur de 6*25 pouces d’ouverture 
et de 100 pouces de longueur focale, ou bien une image 
agrandie jusqu ’4 6 pouces en diam6tre, suivant 1 ’etat de 
Fair. Je dirai, en outre, que mon spectroscope est muni 
d’une serie de sept prismes de flint-glass le plus dense, qui 
me donne un angle de refraction de plus de 300 degres ; 
que cette dispersion est encore augments par un autre 
prisme de flint-glass dense, de 60 degres, et un prisme a 
vision directc, d’egal pouvoir; enfin, que jc ne suis pas 
content encore de cette dispersion, qui est plus que double 
de celle qu’emploie le P. Secchi, et j’esp£re, dans quelques 
jours, avoir 4 ma disposition un pouvoir double de celui 
dont jc dispose aujourd’hui.” 

Here is Father Secchi’s rejoinder 1 : — 

M RoME, ce 23 ao&t, 1 869. 

“ Je viens de recevoir le Compte Rendu du 16 aoftt dans 
lequel est inser^e la r^ponse de M. Lockyer 4 ma derniere 
Communication. Comme ce n’est pas moi qui ai com- 
mence ce debat, je pric l’Academie de me permettre pour 
la derniere fois unc petite replique. 

“ 1 1 M. Lockyer cherche a. mettrc en contradiction la 
couche 4 spectre continu avec ce que j’ai dit que l\ f largisse- 
rncnt des rates constate 1 dans lc noyau se reprodtdt pres du 
bord. M. Lockyer confond ici ce qui se voit 4 Vintcrieur 
du disque dont je parle dans cette phrase, avec ce que j’ai 
dit dans unc autre phrase du spectre continu qui reste a 
Xextdrieur du disque. De cette maniere la contradiction 

disparait complement (p. 453). 

“ 2° Quant 4 mon autre assertion, qu’il pretend aussi 
contenir une contradiction, sur la largcur des raies qui, 
etant plus grande 4 la base, prouve \' influence de la press ton 
suplrieure, je prie M. Lockyer d’observer que Je n’ai nic en 
aucune manUre que la pression puisse produire ces effets, 
mais que j’ai dit simplcment que l’irradiation et aussi 
* Vol. cit. p. 549, el .teg., August 30, 1869, 
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l’intersitd de la lumi£rc pourraient bierf y contribucr. 
Cette seconde contradiction ne subsistc done pas plus 
que la premiere. 

“3 0 Je n’ai jamais jete de doute sur la veracity de 
M. Lockyer comme il l’insinue, p. 454, lig. 18. Cela a tou- 
jours et6 loin de ma pens^e. Mais j’ai dit que le ren- 
versement observe par moi dtait bien different de celui 
qu’il a vu. J’ai vu (et je le maintiens, car l’observation a 
durd deux heures et je ne me suis pas trompe) renversee 
seulement une raie du magnesium, et j’ai constate que 
l’intervalle entre les deux autres etait devenu plus brillant. 
Cela explique, du reste, la double raie brillante vue dans 
l’cclipse par M. Rayet, qui en a vu deux et non trois. Ceia 
n'einpeche pas la v^ritd de l’assertion de M. Lockyer qui 
dit avoir vu les raies toute trois renversees. Mais cela 
serait une observation diffdrente et qu’on ne peut confondre, 
ni par le fait ni par la date, avec la mienne. 

“4 0 Je ne m’occuperai pas de ce qui regarde les theories ; 
parcc que si moi-mfemc j’ai essaye quelque chose, dans ce 
sens, je crois que cela peut bien se faire tout en admettant 
une insuffisance d’un c6te ct de l’autre. Mais pour ce qui 
regarde l’inexactitudc qui ressortirait d’avoir afiirme que 
les masses suspenducs dans l’atmospherc du Soleil sont le 
resultat des observations antericures des eclipses, la chose 
est si bien connue, que je ne m’y arreterai pas. M. 
Mathieu le premier et apres lui un grand nombre d’obser- 
vateurs ont constate les arcs roses outre les preeminences : 
or, ce n’est pas cela qui constitue ce que M. Lockyer a 
appele chromosphere . Le nom sans doute appartient a M. 
Lockyer, mais la chose existait bien avant qu’ii eOt em- 
ploye cette denomination. 

“ 5 ° M. Lockyer demande une demonstration- de l’exis- 
tence de ce milieu dans lcquel peuvent nager, ces masses 
dhydrogime. Je lui repondrai qu'il n'en faut pas chercher 
une ailleurs que dans le fait de leurs formes detinies ellcs- 
OK-mes, et que Cette atmosphere est bien sensible dans les 
eclipses a une distance bien plus grande que n’atteignent 
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les preeminences et que nos photographies du DesUrto 
nous ont signal^ la forme elliptique de cette cnveloppe plus 
relev^e k l’tkjuateur qu’aux pdles du globe solaire. Cette 
atmosphere peut bien contenir de l’hydrog6ne plus froid et 
d’autres gaz 'rarefies, bien que l’hydrogene soit le plus 
ieger des gaz (ce qui est bien connu), mais que par la 
diffusibilite propre k toutes les substances gazeuses il peut 
se meier k d’autres d’un poids specifique plus grand. 

“ 6° Je ne comprendspas ceque M. Lockyer dit relative- 
ment aux vapeurs de sodium et de magnesium places 
immldiatement au-dessous de la photosphb-e (p. 456, lig. 5). 
Je ne sais pas comment on peut admettre la possibility de 
constater ce dessous ; car la profondeur de la photosphere 
est insondable pour nous. Autrefois j’avais cru moi-m£me 
que la profondeur des taches etait la mesure de 1 epaisseur 
de la couche photospherique ; mais cette theorie aujourd’hui 
n'est plus soutenablc, et en cela je n’ai pas de difficult^ a 
admettre que je suis maintenant en contradiction avee 
ce quo j’ai avanc^ autrefois. Jamais je ne rougirai de 
m’instruire. 

“7’ Finalement je vois que M. Lockyer avoue lui-mcme 
que les raies brillantes se voient beaucoup mieux a travers 
les taches. Ce fait est un peu attdnue, mais e’est deja 
beaucoup. Dans une prochaine Communication je don- 
nerai les details de mon Journal d’Observations sous cc 
rapport, et 1'on verra que e'est prdcis<$ment d’apres cette 
difference considerable d’absorption elective qu’on doit 
juger de la constitution intime des matieres qui remplisser.t 
les cavites des taches. Je n’omcttrai pas en fin de dire que, 
comme dans les observations des bandes de Jupiter, par 
exemple, un trop fort grossissement nuit pour en saisir 
bien les nuances, il en est aussi de mfime dans celles qui 
nous occipent et dans lesquelles un grossissement et une 
dtspersfoo^trop forts, affaiblissant trop la lumi^re, peuvent 
Atre un obstacle poilr reconnaltre les diffArents degres <■ 
lumiirc. 

" Coni me une grande partie de cette discussion rou c ^ ur 
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des inexactitudes provenant de ce que mes Communications 
ont iti trop abrigies, je prierai l’Acadimie, dans une 
prochaine Communication, d’accepter quelques pages de 
la traduction littirale de mon Journal, dans lequel mes 
observations sont en registries avec les details nicessaires 
pour iviter toute interpretation erronee.” 

Here I need scarcely say I let the discussion drop. It 
is consoling to know that all the points at issue have now 
been settled. 
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- Sixth Paper. 

Spectroscopic Observations of the Sun. No. VI. — By J. 
Norman Lockyer, F.R.S. From the Proceedings of 
the Royal Society, No. 120, 1870. Received April 27 
1 870. 1 

The weather lately has been fine enough and the sun high 
enough during my available observation time to enable me 
to resume work. 

The crop of new facts is not very large, not so large as 
it would have been had I been working with a strip of the 
sun, say fifty miles or a hundred miles wide, instead of 
one considerably over a thousand — indeed, nearer two 
thousand — in width; but in addition to the new facts 
obtained, I have very largely strengthened my former 
observations, so that the many hours I have spent in 
watching phenomena, now perfectly familiar to me, have 
not been absolutely lost. 

The negative results which Dr. Frankland and myself 
have obtained in our laboratory-work in the matter of the 
yellow bright line, near D, in the spectrum of the chromo- 
sphere being a hydrogen line, led me to make a special 
series of observations on that line, with a view of differenti- 
ating it, if possible, from the line C. 

It had been remarked, some time ago, by Professor 
Zollner, that the yellow line was often less high in a 
prominence than the C line ; this, however, is no evidence 
(bearing in mind our results with regard to magnesium). 
The proofs I have now to lay before the Royal Society 
are of a different order, and are, I take it, conclusive. 

I. With ^tangential slit I have seen the yellow li» c 
bright below the chromosphere, while, the C line h«' ,s 
been dark ; the two lines being in ‘the same field 
view. 


J'hh. A’.S., vol. xviii. j>. 354. 
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II. In the case of a bright prominence over a spot on the 
disc , the C and F lines have been seen bright, while the 
yellow line has been invisible. 

III. In a high-pressure injection of hydrogen the motion 
indicated by change of wave-length has been less in the 
case of the yellow line than in the case of C and F. 

IV. In a similar quiescent injection the pressure indi- 
cated has been less. 

V. In one case the C line was seen long and unbroken, 
while the yellow line was equally long, but broken. 

The circumstance that this line is so rarely seen dark 
upon the sun, makes me suspect a connection between 
it and the line at 501 5 Angstrom, which is also a bright 
line, and often is seen bright in the chromosphere, and 
then higher than the sodium and magnesium lines, when 
they are visible at the same time : and the question 
arises, must we not attribute these lines to a substance 
which exists at a higher temperature than those mixed 
with it, and to one of very' great levity ? for its absorption- 
line remains invisible, as a rule, in spot-spectra. 

I have been able to make a series of observations on 
the fine spot which was visible when I commenced them 
on the 10th instant, not far from the centre of its path 
over the disc. At this time, the spot, as I judged by 
the almost entire absence of indications of general absorp- 
tion in the pcnumbral regions, was shallow, and this has 
happened to many of the spots seen lately. A few hours’ 
observation showed that it was getting deeper apparently, 
and that the umbra: were enlarging and increasing in 
number, as if a general downsinking were taking place ; but 
clouds came over, and the observations were interrupted. 

% the next day (April 11) the spot had certainly 
developed, and now there was a magnificently .bright promi- 
nence, completely over the darkest mass of umbra, the 
prominence being fed from the penumbra or very close to 
a fact indicated by greater brilliancy than in the bright 
and F lines. 
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April 12. The prominence was persistent. 

April 15. Spot nearing the limb, prominence still per- 
sistent over spot. At eleven I saw no prominence of ini- 
portance on the limb, but about an hour afterwards I was 
absolutely startled by a prominence not, I think, depend- 
ing upon the spot I have referred to, but certainly near it, 
more than 2' high, showing a tremendous motion towards 
the eye. There were light clouds, which reflected to me 
the solar spectrum, and I therefore saw the black C line 
at the same time. The prominence C line (on which 
changes of wave-length are not so well visible as in the 
F line) was only coincident with the absorption-line for a 
few seconds of arc ! 

Ten minutes afterwards the thickness of the line towards 
the right was all the indication of motion 1 got. In 
another ten minutes the bright and dark lines were coin- 
cident. 

And shortly afterwards what motion there was was 
towards the red. 

I pointed out to the Royal Society, now more than a 
year ago, 1 that the largest prominences, as seen at any 
one time, are not necessarily those in which either the 
intensest action or the most rapid change is going on. 
From the observations made on this and the following 
day, I think that we may divide prominences into two 
classes : — - 

I. Those in which great action is going on, lower vapours 
being injected ; in the majority of cases these are not high, 
they last only a short time — are throbs, and arc oft re- 
newed, and are not seen so frequently near the sun’s poles 
as near the equator. They often accompany spots, but are 
not limited to them. These are the intensely bright pro- 
minences of the American photographs. 

II. Those which are perfectly tranquil, so far as wave* 
length evidence goes. They are often high, are persistent, 
and not very bright. These do not, as a rule, accompany 

1 Proc. Roy. Soe., 1869, p. 354, March 17* * * £ ' ce Note 
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spots. These are the “radiance" and dull prominences 
shown in the American photographs. 

I. now return to my observations of the spot. On the 
1 6th the last of the many umbrae was close to the limb, 
and the most violent action was indicated occasionally. 
I was working with the C line, and certainly never saw 
such rapid changes of wave-length before. The motion 
was chiefly horizontal, or nearly so, and this was probably 
the reason why, in spite of the great action, the promi- 
nences, three or four of which were shot out, never rose 
very high. 

I append some drawings made, at my request, by an 
artist, Mr. Holiday, who happened to be with me, and 
who had never seen my instrument or the solar spectrum 
widely dispersed before. I attach great importance to 
them, as they are the untrained observations of a keen 
judge of form. 

The appearances were at times extraordinary and new 
to me. The hydrogen shot out rapidly, scintillating as it 
went, and suddenly here and there the bright line, broad 
and badly defined, would be pierced, as it were, by a 
line of intensely brilliant light parallel to the length of the 
spectrum, and at times the whole prominence spectrum 
was built up of bright lines so arranged, indicating that 
the prominence itself was built up of single discharges , shot 
out from the region near the limb with a velocity some- 
times amounting to ioo miles a second. After this had 
gone on for a time, the prominence mounted, and the 
cyclonic motion became evident ; for away from the sun, 
as shown in my sketch, the separate masses were travelling 
away from the eye ; then gradually a background of less 
luminous hydrogen was formed, moving with various velo- 
cities, and on this background the separate “bombs'” 
appeared (I was working with a vertical spectrum) like 
exquisitely jewelled ear-rings. 

It soon became evident that the region of the chromo- 
sphere just behind that in which the prominence arose. 
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sixth was being driven back with a velocity something like twenty 
t aper, miles a second, the back-rush being so local that with the 
small image I am unfortunately compelled to use, both 
the moving and rigid portions were included in the thick- 
ness of the slit. I saw the two absorption-lines overlap. 

These observations were of great importance to me ; for 
the rapid action enabled me to put together several pheno- 
mena I was perfectly familiar with separately, and see 
their connected meaning. 

They may be summarized as follows, and it will be seen 
that they teach us much concerning the nature of promi- 
nences. When the air is perfectly tranquil in the neigh- 
bourhood of a large spot, or, indeed generally in any part 
of the disc, we see absorption -lines running along the 
• whole length of the spectrum, crossing the Fraunhofer 
lines, and they vary in depth of shade and breadth accord- 
ing as we have pore, corrugation, or spot under the corrc- 
A pvt h sponding part of the slit — a pore, in fact, is a spot. Here 
" and there, where the spectrum is brightest (where a bright 

point of facula is under the slit), we suddenly see an 
intensely bright lozenge of light. This I take to be due 
to bright hydrogen at a greater pressure than ordinary, and 
this then is the reason of the intensely bright points seen 
in ranges of faculx observed near the limb. 

The appearance of this lozenge in the spectroscope, which 
(fig. 149) indicates a diminution of pressure round its central 
portion, is the signal for some, and often all of the follow- 
ing phenomena : — 

Pt min of I. A thinning and strange variations in the visibility and 

thickness of the hydrogen absorption -line under obscr- 
' * io-ftt,-.-. n vation. < 

II. The appearance of other lozenges in the same 
locality. 

III. The more or less decided formation of a bright pro- 
minence on the disc. 

IV. If near the limb, this prominence may extend beyonc 
it, and its motion-form will then become more easy 0 
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observation. In such cases the motion is cyclonic in the 
majority of cases, and generally very rapid, and — another 
feature of a solar storm — the photospheric vapours are 
torn up with the intensely bright hydrogen, the number of 
bright lines visible determining the depth from which the 
vapours are torn , and • varying almost directly with the 
amount of motion indicated. 

Here, then, we have, I think, the chain that connects 
the prominences with the brighter points of the facula:. 1 

These lozenge-shaped appearances, which were observed 
close to the spot on the 16th, were accompanied by the 
“ throbs ” of the eruption, to which I have before referred. 
While Mr. Holiday was with me — a space of two hours — 
there were two outbursts, separated by a state of almost 
rest, and each outburst consisting of a series of discharges, 
as I have shown. I subsequently witnessed a third out- 
burst. The phenomena observed in all three were the 
same in kind. 

On this day I was so anxious to watch the various 
motion-forms of the hydrogen-lines, that I did not use the 
tangential slit. This I did the next day (the 17th of 
April) in the same region, when similar eruptions were 
visible, though the spot was no longer visible. 

Judge of my surprise and delight, when upon sweeping 
along the spectrum, I found HUNDREDS of the Fraunhofer 
lines beautifully bright at the base of the prominence ! ! ! 

The complication of the chromosphere spectrum was 
greatest in the regions more refrangible than C, from F, to 
long past b and near F, and high-pressure iron vapour was 
one of the chief causes of the phenomenon. 

I have before stated to the Royal Society that I have 
seen the chromosphere full of lines ; but the fulness then 
was as emptiness compared with the observation to which 
I now refer. 

A more convincing proof of the theory of the solar con- 
stitution, put forward by Dr. Frankland and myself, could 

* See Note M. 
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scarcely have been fbrnished. This observation not only 
endorses all my former work in this direction, but it tends 
to show the shallowness of the region in which many 0 f 
the more important solar phenomena take place, as well 
as its exact locality! 

The appearance of the F line, with a tangential slit at 
the base of the prominence, included two of the lozenge- 
shaped, brilliant spots to which I have before referred : 
they were more elongated than usual — an effect of pressure 
I hold ; greater pressure and therefore greater complication 
of the chromosphere spectrum : this complication is al- 
most impossible of observation on the disc. 

It is noteworthy that, in another prominence, on the 
same side of the sun, although the action was great, the 
erupted materials were simple, *>. only sodium and mag- 
nesium, and that a moderate alteration of wave-length in 
these vapours was obvious. 

Besides these observations on the 17th, I also availed 
myself of the pureness of the air to telescopically examine 
the two spots on the disc, which the spectroscope reported 
tranquil as to up and down rushes. I saw every cloud- 
dome in their neighbourhood perfectly, and I saw these 
domes drawn out, by horizontal currents doubtless, in the 
penumbras, while on the floors of the spots, here and there, 
were similar single cloud-masses, the distribution of which 
varied from time to time, the spectrum of these masses 
resembling that of their fellows on the general surface of 
the sun. . 

I have before stated that the region of a spot comprised 
by the penumbra appears to be shallower in the spots I 
have observed lately (we are now near the maximum period 
of sun-spots): I have further to remark that I have evi- 
dence that the chromosphere is also shallower than it was 
in 1868. 

I am now making special observations on these two 
points, as I consider that many important conclusions may 
be drawn from them. 
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f i. Prominence much bent. . . 

2. Prominence encroaching over linejsrossing black 

line, $-U Y+* 

3. Black line (F) curved downwards, sometimes nearly touching 

iron line below. r ■ ‘ " 


4 - 

) 5. Prominence nearly divided. 

\ 6. Intensely brilliant flashes above and below centres (of F lines : 
i. the interruptions very complete. 

7 & 8. Curves in prominence very marked. 

9, 10, 12. f4, 15- My own drawings, made during first and sccon ! 

outbursts. 

1 1. A lozenge on the limb as seen with a tangential slit. 

13. A lozenge as seen on the sun itself. 



w -— laboratory work. 

First Paper. 

Preliminary note of Researches on Gaseous Spectra in rela- 
tion to the Physical Constitution of the Sun. By 
Edward Frankland, F.R.S. and J. Norman Lock- 
ver, F.R.A.S. Received February u, iSfSg. 1 

I. For some time past we have been engaged in a careful h r .st 
examination of the spectra of several gases and vapours 
under varying conditions of pressure and temperature, 
with a view to throw light upon the discoveries recently 
nude bearing upon the physical constitution of the sun. 

Although the investigations are by no means yet com- 
pleted, we consider it desirable to lay at once before the 
Royal Society several broad contlusions at which we have 
already arrived. 

It will be recollected that one of us, in a recent commu- Om .</< 
nication to the Royal Society, pointed out the following / 
facts : — 

i. That there is a continuous envelope round the sun, 
and that in the spectrum of this envelope, which has been 
named for accuracy of description the “ chromosphere," 
the hydrogen line in the green corresponding with Fraun- 
lofer s line F, takes the form of an arrowhead, and widens 
roin *ke upper to the lower surface of the chromosphere. 

2 - That ordinarily in a prominence the F line is nearly 
0 the same thickness as the C line. 

1 Prvc. P.S., voL xvii. p. 288. 
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3. That sometimes in a prominence the F line is ex- 
ceedingly brilliant, and widens out so as to present a 
bulbous appearance above the chromosphere. 

4. That the F line in the chromosphere, and also the C 
line, extend on to the spectrum of the subjacent regions 
and re-reverse the Fraunhofer lines. 

5. That there is a line near D visible in the spectrum of 
the chromosphere to which there is no corresponding Fraun- 
hofer line. 

& That there are many bright lines visible in the 
ordinary solar spectrum near the sun’s edge. 

7, That a new line sometimes makes its appearance in 
the chromosphere. 

II. It became obviously, then, of primary importance— 

1. To study the hydrogen spectrum very carefully under 
varying conditions, with the view of detecting whether or 
not there existed a line in the orange, and 

2. To determine the cause to which the thickening of 
the F line is due. 

We have altogether failed to detect any line in the 
hydrogen spectrum in the place indicated, i.e. near the line 
D ; but we have not yet completed all the experiments we 
had proposed to ourselves. 

With regard to the thickening of the F line we may 
remark that, in the paper by MM. Plucker and Uittorf, to 
which reference was made in the communication before 
alluded to, the phenomena of the expansion of the spectral 
lines of hydrogen are fully stated, but the cause of the 
phenomena is left undetermined. 

We have convinced ourselves that this widening out is 
due to pressure, and not appreciably, if at all, to tempera- 
ture per se. 1 

III. Having determined, then, that the phenomena pre- 
sented by the F line were phenomena depending upon an 
indicating varying pressures, we were in .a position to 
determine the atmospheric pressure operating in a pronn- 

1 Sec Note N. 
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rience, in which the red and green lines are nearly of first 
equal width, add in the chromosphere, through which the PAt,Rtt ' 
green line gradually expands as the sun is approached . 1 

With regard to the higher prominences, we have ample Lowness 0/ 
evidence that the gaseous medium of which they are 
composed exists in a condition of excessive tenuity, and mosphtte. 
that at the lower surface of the chromosphere itself the 
pressure is very far below the pressure of the earth’s 
atmosphere. 

The bulbous appearance of the F line before referred to 
may be taken to indicate violent convective currents or 
local generations of heat, the condition of the chromo- 
sphere being doubtless one of the most intense action. 

IV. We will now return for one moment to the hydrogen Hydrogen 
spectrum. We have already stated that certain proposed s J* ctrum - 
experiments have not been carried out. We have post- 
poned them in consequence of a further consideration of 

the fact that the bright line near D has apparently no repre- 
sentative among the Fraunhofer lines. This fact implies 
that, assuming the line to be a hydrogen line, the- selective 
absorption of the chromosphere is insufficient to reverse 
the spectrum. It is to be remembered that the stratum of 
incandescent gas which is pierced by the line of sight along 
the sun’s limb, the radiation from which stratum gives us 
the spectrum of the chromosphere, is very great compared 
with the radial thickness of the chromosphere itself; it 
would amount to something under 200,000 miles close to 
the limb. 

Although there is another possible explanation of the 
non-reversat of the D line, we reserve our remarks on the 
subject (with which the visibility of the prominences on 
the sun’s disc is connected) until further experiments and 
observations have been made. 

V. We believe that the determination of the above- 
mentioned facts leads us necessarily to several important 
modifications of the received theory of the physical con- 

1 Will not this enable us ultimately to determine the temperature i 
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first stitution of our central luminary — the theory we owe 
PArpR ~ to Kirchhoff, who based it upon his examination of the 
solar spectrum. According to this hypothesis, the photo- 
sphere itself is either solid or liquid, and it is surrounded 
by an atmosphere composed of gases and the vapours of 
the substances incandescent in the photosphere. 

Cfurai We find, however, instead of this compound atmosphere, 
one g ,ves us nearly or at all events mainly the 

iKM-hin. spectrum of hydrogen ; (it is not, however, composed 
necessarily of hydrogen alone ; and this point is engaging 
our special attention ;) and the tenuity of this incandescent 
atmosphere is such that it is extremely improbable that 
any considerable atmosphere such as the corona has been 
imagined to indicate, lies outside it, — a view strengthened 
by the fact that the chromospheric bright lines present no 
appearance of absorption, and that its physical conditions 
are not statical. 

Th-fh-t* With regard to the photosphere itself, so far from being 
either a solid surface or a liquid ocean, that it is cloudy 
'.vtis or or gaseous or both follows both from our observations and 
experiments. The separate prior observations of both of 
us have shown : — 

1. That a gaseous condition of the photosphere is quite 
consistent with its continuous spectrum. The possibility 
of this condition has also been suggested by Messrs. De la 
Rue, Stewart, and Loewy. 

2. That the spectrum of the photosphere contains bright 
lines when the limb is observed, these bright lines indi- 
cating probably an outer shell of the photosphere of a 
gaseous nature. 

i sun.,-*?* 3 . That a sun-spot is a region of greater absorption. 

! ZZ'ZiZ 4 • That occasionally photospheric matter appears to be 

ij’MLtt. injected into the chromosphere. May not these facts 
indicate that the absorption to which the reversal of the 
spectrum and the Fraunhofer lines are due takes place m 
the photosphere itself or extremely near to it, instead of 
in an extensive outer absorbing atmosphere ? And is not 
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this conclusion strengthened by the consideration that 
otherwise the newly-discovered bright lines in the solar 
spectrum itself should be themselves reversed- on Kirch- 
hofTs theory? This, however, is not the case. We do 
not forget that the selective radiation of the chromosphere 
does not necessarily indicate the whole of its possible 
selective absorption ; but our experiments lead us to believe 
that, were any considerable quantity of metallic vapours 
present, their bright spectra would not be entirely invisi- 
ble in #dl strata of the chromosphere. 
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Second Paper. 

Researches oh Gastons Spectra in relation to the Physical 
Constitution of the Sun, -&fors, and Nebula.— Second 

Note. By E. FRANKLAXD, F.R.S., and J. N. Lockyer. 

From the Proceedings of the Royal Society,- No. 112, 
1869 .’ 

second We beg to lay before the Royal Society some further 
i-Ai-Ek. reS ults of the researches in which we are engaged. 

T. The Fraunhofer line in the solar spectrum, named h 
by Angstrom, which is due to the absorption of hydrogen, 
is not visible in the tubes we employ with low battery and 
Levden-jar power ; it may be looked upon therefore as an 
indication of relatively high temperature. As the line in 
question has been reversed by one of us in the spectrum 
of the chromosphere, it follows that the chromosphere, 
when coed enough to absorb, is still of a relatively high 
* temperature. 

Hydrogen. 1 1 . Undecpertain conditions of temperature and pressure, 
the very complicated spectrum a of hydrogen is reduced in 
our instrument to one line in the green? corresponding to F 
in the solar spectrum. 

tntrogen. III. The equally complicated spectrum of nitrogen is 
similarly reducible to one bright line in the green, with 
traces of other more refrangible faint lines. 

IV. From a mixture of the two gases wc have obtained 
a combination of the spectra In question, the relative 
brilliancy of the two bright green lines varying with the 
amount of each gas present in the mixture. 

V. By removing the experimental'' tube a little further 
away from* the slit of the spectroscope, the* Combined 

J Proc. Roy. Sec., vol. xvi». p. 453 . , . t , • 

* It has since been shown by Salet, Schuster and others that tn 
complicated spectrum is due to impurities. Our attention was main y 
confined to the undoubted lines of hydrogen. (1873 ) 

» See Note Q. 



spectra referred to in II. and III. were reduced to the two second, 
bright lines. PArE> . f 

VI. By reducing the temperature all spectroscopic 
evidence of the nitrogen vanished ; and by increasing it, 
njany.new nitrogen lines make their appearance, the 
hydrogen line always remaining visible. , 

The bearing of these latter observations on those made Baring on 
on the nebula: by Mr. Huggins, Father Secchi, and Lord ihen * ldm - 
Rosse is at once obvious. The visibility of a single line 
of nitrogen has been taken by Mr. Huggins to indicate 
possibly, first, "a form of matter more elementary than 
nitrogen, and which our analysis has not yet enabled us to 
detect,” 1 and then secondly, “a power of extinction exist- 
ing in cosmical space.” 2 

Our experiments on the gases themselves show not 
only that such assumptions are unnecessary, but that 
spectrum analysis here presents us with a means of largely 
increasing our knowledge of the physical constitution of 
these heavenly^ibodies. 

Already we can gather that the temperature of the 
nebulae is lower than that of our sun, and that their 
tenuity is excessive ; it is also a question whether the 
continuous spectrum observed in some cases may not be 
due to gaseous compression. 

Phil. Trans. 1864, p. 444. Ibid. 1868, p. 544. 
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' Researches on Gascons Spectra in relation to the Physical 
Constitution of the Sun , Stars, and Nebula:. — Third Note. 
By K. FraxKLand, F.R.S., and }. Norman* Lockyer, 
F.R.S. — Froth the Proceedings of the Royal Society, 
No. 115.1869.’ , * - 

t hi ki> I- IT has been pointed out by one of us that the vapours 
of magnesium, iron, &c. are sometimes injected into the 
sun’s chromosphere, and are then rendered sensible by 
their bright spectral lines.* * 

II. It has also been shown (1) that these vapours, for the 
most part, attain only a very low elevation ja the chromo- 
sphere, and (2) that on rare occasions the magnesium 
vapour is observed like a cloud separated from the 
photosphere. 

7 kt m,i K • III. It was further established on the 14th of March 
1869, and a drawing was sent to the Royal Society in- 
unojua! dicating, that when the magnesium vapour is thus injected 
lf *g% the spectral lines do not all attain the same height. 

. Thus of the i* lines, b l and b 2 are of nearly'equal height, 
bat-b* is much shorter. * 

IV. It has since been discovered that of the 450 iron 
lines observed by Angstrom, only a very few are indicated 
in the spectruiSI of the chromosphere when iron vapour is 
injected into it. 

V. Our experiments on hydrogen and nitrogen enabled 
us at once to connect these phenomena, always assuming, 
as required by our hypothesis,’ that the great bulk of the 
absorption to which the Fraunhofer lines are due takes 
place in the photosphere, itself. 

It was only necessary, in fact, to assume that,, as in the 
case of hydrogen and nitrogen, the spectrum became 

’ Ptoc. Roy. Sec., vol. xviii, p. 79. „ 

* Ibid. vol. xvii* p, 351. * Ibid. p. 290, and ante, p. 5 
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simple! wtijpr th^NdeniliyMnd temperature were less, to t nj| : . 
account at once- for the reduction in the number of lines 
visible in those regions Where, on our theory, the pressure * 
and temperature of the absorbing vapours of th^sun are 
at their minimum. 

VI. .It became important, therefore, to test the truth of 
this assumption by some laboratory experiments, ; the 
preliminary results of which we beg to communicate in 
this Note, reserving details, and an account of the further 
experiments we have,, already commenced, for another 
paper under the above title. 

We took the spark ill air*betwccn two magnesium poles, 
so separated that the magnesium spectrum did not extend 
.from pole to pole, but was visible only for a little distance, 
indicated by the atmosphere of magnesium vapour round 
each pole. 

We then carefully examined the disappearance of the b behaves 
b lines, and found that they behaved exactly as they do on the 
sun. Of the three lines the most refrangible was the in ike i 
shortest ; and shorter than this were other lines, which one sun ' 

of us has not yet detected in the spectrum of the chromosphere. 

This preliminary experiment, therefore, quite justified 
our assumption, and must be regarded as strengthening the 
theory on which the assumption was based-i-namely, that 
the bulk of the absorption takes place in the .photosphere, 


and that it and the chromosphere form the true atmosphere 
of the sun. In fact, had the experiment been made in 
hydrogen instead of in air, the phenomena indicated hy 
the telescope would have been almost perfectly reproduced ; 
for each increase in the temperature of the spark caused 
the magnesium vapour to extend further from the pole, and 
where the lines disappeared a band was observed surmount- 
ing them, which is possibly' connected with one which at 
times is observed in the spectrum of the chromosphere 
itself when the magnesium lines are not visible. 
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Fourth Paper. 

x f 0 pearches in Spectrum Analysis in connection with th 
r* - Spectrum of the Sun. By J. Norm AN Lockyer, F.R.S 
>•. Received November 6, — read December 12, 1872.' 

fourth The researches, of which an account is given in the presen 
taper, communication, have been undertaken, in continuation o 
those carried on by Dr. Franklaqd and myself at tin 
Royal College of Chemistry, from which we arrived at tin 
conclusion that the thickening of spectral lines was dm 
to pressure, and not to temperature per seP In our joint 
communications we pointed out that this held good foi 
hydrogen in Geissler's tubes and for magnesium vapour, : 
when the spark was taken in air, by means of a method 
which enabled us to spectroscopically examine its various 
portions. 

The magnesium experiment was important not only so 
far as the decrease of thickness of lines with decrease of 
density was concerned, but because it showed that one of 
the well-known triple lines in the spectrum of magnesium 
absolutely vanished altogether from the spectrum at some 
distance from the source of the supply of the vapour— 
that is, the pole of metallic magnesium. This result we 
also- obtained, as stated in our note, when we observed 
the spectrum of the spark between two magnesium poles 
enclosed in a Gcissler's tube in an atmosphere of hydrogen 
in which the pressure of the gas was gradually reduced. 
Expert- In some experiments with sodium vapour which iverc 
"“txtium* not re ^ crre< l to hi the papers in question/ Dr. Frankiami 
vafjur. and myself observed the same phenomena. The experi- 
ments were conducted as follows : — 

* Philosophical Transactions , 1873. . 

* Pro eeaings of the Royal Society, vol. xvti. p, 289, ante, p. 5 20 - 

» Ibid, vol.xviii, p, 79, nnU, p. 532. . . 

4 This experiment was first exhibited at a Lecture givci^by i" c * 
the Koval Institution in Mav. i860. 
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(i.) Into a piece of hard glass combustion-tube, thoroughly 
cleaned and closed at one end, a few pieces of metallic 
sodium, clean and as free as possible from naphtha, were 
introduced. The end of the tube was then drawn out and 
connected with a Sprcngel pump and exhausted as rapidly 
as possible. Hydrogen was then admitted, and the tube 
re-exhausted, and, when the pressure was again reduced to 
a few millimetres, carefully sealed up. The tuhe thus 
prepared was placed between the slit plate of a spectro- 
scope and a source of light giving a continuous spectrum. 

Generally, unless the atmosphere of the laboratory was 
very still and free from dust, the two bright D lines could 
be distinctly seen on the background of the bright con- 
tinuous spectrum. 

The tube containing the sodium was then heated with 
a Bunsen flame, and the spectrum carefully watched. 
Soon after the application of the heat, a dark line, thin 
and delicate as a spider’s thread, was observed to be slowly 
creeping down each of the bright sodium lines and exactly 
occupying- the centre of each. Next, this thin black line 
was observed to thicken at the top where the spectrum of 
the lower denser vapours was observed, and to advance 
downwards along the D line, until arriving at the bottom 
they both became "black throughout ; and if now the heat 
was still applied, thus increasing the density of the various 
layers of the sodium vapour, the lines began to broaden 
until, in spite of considerable dispersion, the two lines 
blended into one. The source of heat being now removed, 
the same changes occurred in inverse order;. the broad 
band split into two lines, gradually the black thread alone 
was left, and Anally that vanished, and the two bright 
lines were restored. 

(2.) This experiment was then varied in the following 
way: — Some pieces of metallic sodium were introduced 
into a test-tube, and a long glass tube conveying coal-gas 
passed to the bottom, an exit for the gas being also pro- 
vided ft the top. The sodium was now. heated and. the 


535 




Method of 
making the 
experiment* 


TheD 

tines re • 
versed. 



53* 


^OCUITH 

4 **/*#* fM 
tktim&mr 
is diitfiA. 


A wtion 
of tht 
ifHtrk is 
obsen**ii. 


SOLAR PHYSICS. 

flow of coal-gas stopped. In a short time the reversal of 
the D lines was complete. The gas was now admitted, 
,:,'a«d a small quantity only had passed when the black lines 
* ere reduced to threads. 

In my former communications to the Royal 'Society I 
have pointed out the extreme importance of these facts in 
connection with solar and stellar physics. In observing 
the sun by the new method, we get various Fraunhofer 
lines thickened in the spots and thinned in the chromo- 
sphere and prominences; and in these latter, iii some 
instances, notably in the case of F, we find the lines 
gradually widening as they approach the limb of the sun. 

While this may be remarked as a solar demonstration 
of the correctness of the conclusion at which Dr. Frankland 
and myself had arrived, it is to be noted that bright line 
prominences may occasionally be seen on the sun’s disc 
over or near spots in the spectrum of which the same lines 
are thick, while this phenomenon could not exist if the 
thickening oi the lines were due to temperature alone. 

M ETitoi) Em I’l.ovia *. 1 

The method of observing spectra to which I have 
already referred, and which has been adopted in the work 
of which I now propose to give an account, consists in 
throwing an image of the spark on the slit of a spectro- 
scope in the laboratory experiments in exactly the same 
manner in which I proposed, in i8 66, that an image of the 
sun should be thrown on the slit in order to spectro- 
scopically examine minute portions of the sun. and his 
surrounding atmosphere. 

It is obvious that in this method the image of the slit 
will be associated in the spectroscope with an image of a 
section of the spark ; and that if from any cause there be 

‘ This method wa* first exhibited at a lecture at the Royal Institu- 
tion April 2nd. 1870. The same method has more recently been 
employed with great success by M. Salei in a research on the spectra 
of the Metalloids. 
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various shells of vapour surrounding each pole, which fourth 
shells give different spectra, then these spectra will be _ PAP ^ R - 
sorted out so that their variations may be traced from pole 
to pole. 

The atl^itgements adopted will be easily gathered from 
the annexed woodcut (Fig. 150) and the accompanying 



FlC. 1 50. — a, collimator ; B, oiv<rrving*tclescope , c\ spark ; i\ lens. 

description. It is scarcely necessary to add that an im- 
portant condition of this new method is that the object- 
glass of the collimator should be filled with light, and also 
t iat no light should be wasted. So long as these conditions 
0 ta ‘ n > conjugate foci and different lenses may be employed. 
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and the size of the image varied at pleasure, and still the 
brightness of the spectrum will be sufficient. 

The instruments with which the observations have been 
made are as follows A large spectroscope, a sister in- 
strument to that used by Bunsen and Kirchhoflf in their 
celebrated researches, and made by the same maker, 
Steinheil, of Munich. 1 It is furnished with four prisms of 
flint glass. Three are of an angle of 45 0 and one of 60 3 . 
The general arrangements of the instruments are described 
by KirchhofT in his memoir. 

In front of the slit plate is placed a lens throwing on 
the slit the image of the spark. 

A coil, made by Apps, and giving a 4-inch spark. 

A large Leyden jar has also been occasionally used as 
a condenser on the secondary wire. 

Beneath the observing-telcscope is placed a commutator, 
by which the current is controlled by the observer without 
changing his position. 

The window of my laboratory looks due south, and the 
collimator is placed in the same direction ; and when it 
became necessary to have the solar spectrum in the field, 
the light reflected from a hcliostat placed outside the 
laboratory in direct prolongation of the line of collimation 
was thrown on to the lens and thus on to the slit, where 
the size and intensity' of the images could be varied at 
pleasure by altering the position of the lens. 

When it was required to photograph a spectrum, the 
ordinary observing-tclescopc of the spectroscope was dis- 
mounted, and its place supplied by a telescope of 3$ inches 
aperture and 49 in. focus. This was supported on the 
cast-iron table of the spectroscope at one end, and at the 
other on a stand. The eyepiece and its mounting were 
removed, and against the end of the tube, thus left free, 
a small camera-box holding a plate 4J in* by 3i ll1- 

* This spectroscope has been temporarily placed at nty disposal b) 
Professor Guthrie, of the Royal School of Mines, to whom m> 
thanks are due. 
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was placed, and the photograph taken in the usual manner, 
the focus being obtained partly by careful observation 
with powerful magnifiers, and partly by trial-plates. 

From the time of Wheatstone’s first experiments, when 
in 1835 he stated that if the poles consisted of two dif- 
ferent metals the spectrum contained the lines of both 
metals, down to the researches of Stokes, Miilcr and 
Robinson in 1862, there is no reference, so far as I can 
find, to any localization of light in any portion of the 
breadth of the spectrum. In the case of the spark taken 
between two poles, eg, in air, the spectrum is gene- 
rally one in which the lines of the two vapours and of 
air are blended together, ail the lines running across the 
field. 

But under certain conditions this is not so. Thus 
Stokes, 1 who used the spark itself instead of a slit, re- 
marked that the metallic lines arc “distinguished from air- 
lines by being formed only at an almost insensible distance 
from the tips of the electrodes, whereas air-lines would 
extend right across." 

Miller, 2 who used a slit and a spark close to it, referring 
to his photographs of electric spectra, remarks : — “ The 
marginal extremities of the metallic lines leave a stronger 
image than their central portions,” and the extremities of 
these interrupted lines he terms “ dots.” ' 

On the same subject Robinson 3 writes : — “ At that boun- 
dary of the spectrum which corresponds to the negative 
electrode (and in a much less degree at the positive ex- 
tremity) intense lines are seen, . . . which, however, are 
short.” 

Thalen (though he also did not adopt the method used 
by Dr. Frankland and myself in and since 1869) observed 
this localization to a certain extent, doubtless on account 
of the long collimator which he employed. 

‘ Philosophical Transactions , vol. clii. 1862, p. 603. 

* Op. cit., p. 877. * Op. cit., p. 947 - 
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mpkr H He remarks 1 : ~ M *L>' a auss ‘ des raics brilluntes qu’on 
— _-L, n’observe que dans ||» cas exceptionnels, com me, par 
exemple, quand laquantite de ia substance, soumise a 
nmaris. j 'experience, est trfcs-abondante ou qtiand I'incandescence 
devient tris-vive. Ces raies qui se pr&entent ordinaire, 
ment aux bords du spectre sous la forme de points 
d’aiguille, merae quand les autres raies du metal fornient 
des lignes continues en travers du spectre, ont etc repre- 
sentecs sur la planche par des lignes tres-courtcs." 

Before I proceed further I beg to refer to the two an- 
nexed woodcuts (Figs. 151, 152), copied from photographs 
of a part of the spectrum observed when the jar-spark 
passes (1) between the poles of sine and cadmium, and (2; 

Red. 

s' 

3 


Fiw and short -*mj Cadmium- 

between cadmium and lead, and the image is thrown on 
the slit. It will be seen that in the case of these metallic 
vapours (and it is true of all others that I have yet observed), 
the lines, as in the before-mentioned case of the triple line 
{&) of magnesium, are of unequal length, and that in the new 
method of observation the lines in the spectra of the two 
metallic vapours and of the air are separated in the 
clearest and most convenient manner, the air-lines going 
righ| across, and the lines of the metallic vapours extend- 
ing to greater or less distances from each pole, and in 
some cases (/.«*. of the longest lines) overlapping. 

* “ Mdinoirc sur ia determination des longueurs d’ondc dcs raic* 
mltalliques,” p. 12, printed in the Nova Acta Regia: Sodctatis Sctcnu- 
arum Upsaltensis, ser. in. vol. vi Upsala, »86tf. 
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With this communication are maps (Plates XI. XII. fourth 
XIII.) of the spectra of the foHo^S$g elements made on PAP ER - 
this method, the jar being used :-*l^a, Xi, Mg, Al, Mn, Co, EUwumtt 
Ni, Zn, Sr, Cd, Sn, Sb, Ba, and Pb. The lines were laid capped- 
down from Thalen’s maps, given in the memoir quoted 
above and on the same scale — namely, 2 centimetres to 
each millim. of wave-length. The spectra were then 
carefully and repeatedly observed, and the comparative 
lengths of the lines estimated and laid down over their 
respective wave-lengths. 



At the same time that these spectra have been mapped 
with the spark taken in air, many of them have also been 
observed when their metals were enclosed in tubes and 
subjected to a continually decreasing pressure/ as in the 
case of the before-mentioned experiment with magnesium. Bthaiitmr 
In all these experiments it teas found that the longest lines 
invariably remained visible longest. \ * lines. 

In the case of zinc the effect of these circumstances was 
very marked, and they may be given as a sample of the 
phenomena generally observed. When the pressure-gauge 
connected with the Sprengel pump stood at from 35 to 40 
millimetres, the spectrum at the part observed was normal, 
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rocimi except that the two Un#s;, 4924 and 4911 ‘(both of which, 
when the spectrum ». Observed under the normal pressure, 
Qiien«- are lines with thick-wings) were considerably reduced , in 
width* On the pump being started these lines rapidly de- 
creased in length, as did the line at 4679; 4810 and 4721 
being almost unaffected ; at last the two at 4924 and 491 j 
vanished, as did 4679. and appeared only at intervals as 
spots on the poles, the two 4810 and 47*21 remaining little 
changed in length, though much in brilliancy. This expe- 
riment was repeated four times, and ot} each occasion the 
gauge was found to be almost at the sable point, viz. — 

1st observation, when the lines 4924 and 491 1 

were gone the gauge stood at .... 30 mm. 

2nd do. 29 ,. 

3rd do. . 29 „ 

4th do. . . . . 31 „ 

A rise to 34 millimetres was sufficient to restore the 
lost lines. 

Experiments with Chemical Compounds. 

Since it appeared that the purest and densest' vapour 
alone gave the greatest number of lines, or, in other words, 
that the truly complete spectrum of a body is alone to be 
obtained upon the metallic pole itself where the vapour is 
densest and purest, it became of interest to examine the 
spectrum of a compound consisting of a. metal combined 
with a non-mctallic element. 

To this end a number of experiments was made, in 
which the metallic spectra were compared with those given 
by the same nictate when combined with chlorine under 
the same conditions as in the former experiments. 

Sfirtmof The compounds thus experimented on were as follows 
*«%£?* thc i ar being used IJ Cl, Na Cl, Mg Cl ,, Zn Cl,, S' u, 
Cd Cl*, Ba Cl., I’b Cl*, and AJ, Cl 6 . It was found in a" 

* Thaten’s scale as given by Watt* 
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cases that the difference betwaep^the spectrum of the 
chloride and the spectrum of the meial ivas: — That under 
the same spark conditions the short lines were obliterated, 
while the air-lines remained unchanged in thickness. 

Changing' the spark-conditions by throwing the jar out of 
the circuit, this change was shown in its strongest form, the 
final results being that only the very longest lines in the 
spectrum of the metal remained. 

The following are the details of the experiments made 
under these conditions : — 

Method of .Observation. — Some pieces of stout alumi- 
nium wire, id millims. long and 
3 millims. in diameter, were 
taken ; one end was flattened / ' 

for about onc-tliird of the length V ' fBStm 

for the purpose of inserting it in 
the spark-holder, and the other i 

was drilled down in the direction » 

of the axis for from 2 to 3 C \ il^^r 
millims., and thus formed into a \ wm 

small conical cup ; a very fine hole 'dy 

was then drilled through the side If 

of this cup at the bottom, and , A 

the flattened end carefully split. 

Through the lateral hole a piece | 
of platinum wire, 0 5 millim. in 
diameter, was passed, and one end 

brought round through the split _ 

end of the aluminium, -while the 

other was brought up the centre of m. 

the ctip. The split was now closed ^ 

by strong pressure in a vice, and the 

ends of the platinum wire cutoff. Fig. *$*.— Plan and section of cwp 

. , use 1 with salts. A. aitMuixuvm 

ine whole no>v presented the wire ; », cut-shaped cavity dniied 

appearance of a small candle, the lened anJ VpUt portion of the 
platinum wire representing the * lurommm w,,c - 
wick : the accompanying figures (Figs. 153 — 154) will render 
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fourth the preceding statement clear. 1 Round this wick the 
paper, chloride i n fine powder was tightly rammed down. [A 
Metkod of similar cup, without the wick, was used for the examina- 
**■- tion of the Spectra of metallic barium, strontium and 
lithium, the metal being hammered intu it.] One of these 
cups with the chloride replaced theidwerpole in the spark- 





fit* »54. — Aluminium cup placed in the *p«vk-*taml *+ **» 

holder, the upper one being composed of copper, that 
metal being selected as being a good conductor, and giving 
a very simple and easily recognized spectrum. 

Litkk Chlorides observed ?-- Lithic Chloride, Li Cl. The wave- 
thhnat. lengths 0 f the longest lines of this metal are as follows 

6705- 2, 6102 0, and 46027, the latter (in the blue) being a 
-wide and winged line. When the spectrum of the chloride 

1 The object of the wick was to confine the spark to the cc "* re ,^ 
the dry chloride. Before it was adopted the spark was very unste. . > 
leaping about from side to side' of the cup. 
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is observed, the red line, 6705 2, is seen right across the 
spectrum; the orange, 61020, is faintly visible for about 
half the distance ; 46027 has vanished altogether. In the 
case of lithium this, extinction can be carried further in 
the flame reaction with- jtn ordinary Bunsen burner in which 
the red line 6705*2 is alone seen. 1 

Sodic Chloride, *!* Cl— The D line « by very 

far the longest the sodium spectrum.; it is, in fact, 

the longest metallic “ftne I have observed. After D come 

6154*2 } * n t ^ ie rcc * ant * 568 r4 } * n >' ellow > *be latter 

pair having a slight advantage over the former. f 

5 1 5 2 5 ) 

come next, and the shortest is 4982*5, really a double line, 
but so nebulous and ill-defined that Thalen has repre- 
sented it as single. In the chloride we find D 
across the spectrum, and all the others have vanished but 

a trace of 5687 2 
a trace 01 5681*4 j * 

Magnesic .Chloride, MgCl 2 . — Magnesium has three 
lines (b) surpassing all the others in length ; their wave- 
lengths are 5183 0, 5172*0, and 5166*7; these lines alone 
are constant in the chloride; 4481*0, the winged line, 
sometimes flashes in. 

Zincic Chloride, Zn Cl.,. — Zinc has three long lines in 
the blue, 4809*7, 472 1*4, 4679*5; these only are visible in 
the spectrum of the chloride. One line, 6362*5, in the 
extreme orange, is of the same length apparently as the 
shortest of the three blue lines, but is not visible, possibly 
on account of its faintness. 

Strontic Chloride, Sr Cl 2 . — Strontium has one extremely 
long line, 4607*5, and this with two in the indigo, 4226*3 

' h is necessary in dealing with Li Cl and Na Cl to have the poles 
nf o iar (® *° 10 millims.), as, on account of the easy volatility 
these chlorides, if the poles are close all the lines appear stretching 
••cross the spectrum. 
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and 4215*3 next in length to it, are alone seen in the 
chloride spectrum. 

Cadmic Chloride, Cd Cl s .-— Cadmium, like zinc, has 
three lines of greater length than all the rest, one in the 
blue-green, 5085 o, and two, 4799*0 and 4676*8, in the blue. 
These alone appear in the spectrum of the chloride. 

Plumbic Chloride, PbCl s . — Lead has its longest line, 
4058*0, in the violet ; this line alone is visible in the 
chloride spectrum ; 5607*0 in the yelldw -green, which 
appears nearly* as long, is not visible. 

Baric Chloride, Ba CL — Barium has three lines distin- 
guished by their great length ; they arc 5534 5 in the 
yellow-green, 4933*4 m the green, and 4553*4 in the indigo. 
These only* are visible in the chloride spectrum. 

Aiuminie Chloride, ALCI, ; . — Aluminium has but two 
long lines, which fail between H, and H jt and arc of the 
following wave-lengths, 396 ro and 3943 0.; these alone are 
visible in the spectrum of aiuminie chloride. 

It will be seen from the foregoing that in the case of 
elements with low atomic weights, combined with one 
equivalent of chlorfne, the number of lines which remain 
in the chloride is large — over 60 per cent, for instance in 
the case of Li, and 40 per cent, in that of Na. 

While, on the other hand, in the case of elements with 
greater atomic weights, combined with two equivalents of 
chlorine, we get a much smaller number of lines remaining 
— 8 per cent, for instance in the case of Ba. and 3 per cent, 
in the case of Pb. 


Preliminary Experiments with Mechanical Mixtures. 

Another scries of experiments has had for its object 
the examination of the spectrum of mechanically mixed 
metals, — alloys prepared ad hoc . These experiments, winch 
at present are preliminary only, were made because it 
seemed clear that the same law that was observed wit > 
the chlorides should hojd good. 
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A cursory examination of the spectra of some amalgams 
of tin and magnesium has shown that this is the case. 

For instance, it is possible to begin with an alloy which 
shall only give us the longest line or lines in the spectrum 
of the smallest constituent, and by increasing the quantity 
of this constituent the other lines can be introduced in the 
order of their length. This reaction is so delicate that I 
learnt from it, a thing I had not before observed, that the 
least refrangible line of b, the triple line of magnesium, is 
really a little longer than its more refrangible companion ; 
for the spectrum of magnesium was reduced to this one 
line in an alloy in which special precautions had been taken 
to introduce the minimum of magnesium. 

It follows from this statement that not only is the spec- 
trum analysis almost infinitely more delicate than it has 
hitherto been supposed to be in the case of the elements 
in which the difference between the longest and shortest 
lines is least , 1 but that in time it may become quantitative ; 
for if the admixture of certain other bodies extinguishes 
the shorter lines of metallic spectra, it would seem that a 
series of carefully executed maps of the spectra of alloys, 
the proportions of the constituents of which are known, 
will place in our hands the means of determining (roughly 
it is true), by mere inspection, the quantity of the sought 
metal present in an alloy, the composition of which guA 
that metal is unknown. At the same time it is clear that 
further progress must be made before such a method can 
be practically employed in the .arts. 

Although the working hypothesis which has suggested 
the various lines of research which have been followed 
is, I think, sufficiently 'Clear, I refrain from dwelling upon 
>t until other researches now in progress enable me more 
fully to judge of its value, and to state at greater length 
the various conclusions which may be drawn from it. 

* the great lengths of the lines of sodium, lithium, &c., at once 

count for the delicac^of their spectrum reactions. 
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Application of these Observations to the Solar Spectrum. 

These observations have an important bearing upon the 
solar spectrum, for the reason that, as is well known, all 
the lines known to exist in the spectrum of an element 
supposed to be present in the sun’s atmosphere are not in 
all cases reversed. P 

Before I proceed to give the facts in detail, it will be well 
to go over the prior work of Kirchhoff and Angstrom, 
to see precisely the evidence on which our present know- 
ledge of the elements in the solar atmosphere, as deter- 
mined by KirchhofFs method of solar observation — that is, 
the non-localization, or integration, of the various solar 
regions, such as spots, facuke and chromosphere — rests. 

Kirchhoff. in his paper referring to Fraunhofer’s prior 
determination of the double line D being coincident with 
a double line observed in the spectrum of sodium vapour, 
locates sodium vapour in the solar atmosphere, as Professor 
Stokes had done before him. Coincident with all the 
bright iron lines which he observed with the spark he used 
(he only saw a small number of the lines), he found well- 
defined Fraunhofer lines. He therefore located iron vapour 
in the atmosphere. The rest of the evidence relating to 
other metals I give from the translation of his memoir by 
Professor Roscoe.* 

" As soon as the presence of one terrestrial element in 
the solar atmosphere was thus determined, and thereby the 
existence of a large number of Fraunhofer lines explained, 
it seemed reasonable to suppose that other terrestrial bodies 
occur there, and that by exerting their absorptive power 
they may cause the production of other Fraunhofer lines; 
for it is very probable that elementary bodies which occur 
in large quantities on the earth, and arc likewise distin- 
guished by special bright lines in their spectra, will, like 
iron, be visible in the solar atmosphere. This is found to 

* Transactions of flcrlin Academy. i86». Translated by Rocrot. 

( Macmillan.) 
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be title case with calcium, magnesium, and sodium. The 
number of the bright lines in the spectrum of each of these 
metals is indeed small ; but those lines, as well as the dark 
ones in the solar spectrum with which they coincide, are so 
uncommonly distinct that the coincidence can be observed 
with very great accuracy. 

" In addition to this, the circumstance that these lines 
occur in groups renders the observation of the coincidence 
of these spectra more exact than is the case with those 
composed of single lines. The lines produced by chromium 
also form a very characteristic group, which likewise coin- 
cides with a remarkable group of Fraunhofer lines ; hence 
I believe that I am justified in affirming the presence of 
chromium in the solar atmosphere. It appeared of great 
interest to determine whether the solar atmosphere contains 
nickel and cobalt, elements which invariably accompany 
iron in meteoric masses. The spectra of these metals, like 
that of iron, are distinguished by the large number of their 
lines ; but the lines of nickel, and still more those of cobalt, 
are much less bright than the iron lines, and I was there- 
fore unable to observe their position with the same accuracy 
with which I determined the position of the iron lines. 
All the brighter lines of nickel appear to coincide with dark 
solar lines ; the same was observed with respect to some 
of the cobalt lines, 1 but svas not seen to be the case with other 
equally bright lines of this metal. From my observations 
1 consider that I am entitled to conclude that nickel is 
visible in the solar atmosphere ; I do not, however, yet 
express an opinion as to the presence of cobalt. Barium, 
copper, and zinc appear to be present in the solar atmo- 
sphere, but only in small quantities; the brightest of the 
lines of these metals correspond to distinct lines in the 
solar spectrum, but the weaker lines are not noticeable. 
The remaining metals which I have examined — viz. gold, 
silver, mercury, aluminium, cadmium, tin, lead, antimony, 
arsenic, strontium, and lithium — are. according to my obser- 
* The italics arc mine. 
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rations, not visible in the solar atmosphere. Through the 
kindness of M. Grandeau, of Paris, I obtained several 
pieces of fused siiicium ; I was thus enabled, by using 
them as electrodes, to examine the spectrum of this 
element. The lines in the siiicium spectrum are, however, 
with the exception of two broad green bands at 1810 and 
1830, so deficient in luminosity that I was unable to deter- 
mine their position with sufficient accuracy to reproduce 
them in my drawing. The two bright green bands do not 
correspond to dark bands in the solar spectrum, so that, as 
far as I have been able to determine, siiicium is not visible 
in the solar atmosphere,” 

It will be seen from the foregoing that Kirchhoff dealt 
mainly with the brightest lines, although the test failed 
him in the case of cobalt, for a reason I shall show- 
further on. Hence, as a result of Kirchhoft s work, we 


: in the solar atmosphere : — 


P rest’ lit. 

IhnthtfuK 

Absent. 

Sodium. 

Cobalt. 

Gold. 

Iron. 


Silver. 

Calcium. 


Mercury. 

Magnesium. 


Aluminium. 

Nickel. 


Cadmium. 

Ha riti m. 


Tin. 

Copper. 


Lead. 

Zinc. 


Antimony. 

Arsenic. 

Strontium. 

Lithium. 

Siiicium. 


Angstrom 1 gives no list such as this, but in its place a 
table of coincidences observed. Thalen, his associate, in a 
separate memoir 2 gives, however, as present in the sun : 

1 u Rcchcrches aur Ic spectre solairc,” par A. J. Angstrom. S fit At 
normal tin Solti! , Berlin, 1 869. ,, » , , 

1 “T-oneueurs d‘ondc des raics nuftaltiqucs,'’ p. it- Sova 
Vpsala, 1 868. 
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Sodium* Chromium. Hydrogen. 

Iron. Nickel. Manganese. 

Calcium. Cobalt. Titanium. 

Magnesium. 

Thus rejecting zinc and barium from KirchhoflTs list of 
accepted elements, adding cobalt from the doubtful list, 
and hydrogen and manganese from Angstrom’s, and tita- 
nium from his own observations. 

The table of coincidences referred to, and Angstrom’s 
remarks thereon, explain the cause of this. Kirchhofif’s 
evidence for zinc had depended upon the coincidence of 
two lines only, and these were doubtless thought insufficient, 
as in the cases of the metals retained in the list the 
number of the coincidences was much greater ; viz. : — 
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Sodium . . 

■ 9 (ah) 

Magnesium . 

• • 4 ( 3 ?) 

Iron . . . 

450 

Chromium . 

. . 18 

Calcium . . 

• 75 

Nickel . . 

• 33 

Cobalt . . 

. 19 

Hydrogen . 

• • 4 (all) 

Manganese . 

• 57 

Titanium. . 

. 118 

Barium > . . 

. 1 1 (of 26) 

Zinc ... 

. 2 ? (of 27) 


Aluminium . . 2 ? (of 14) 

From Angstrom’s remarks, which I proceed to give, it is 
evident that he was not quite satisfied with the brilliancy 
test relied on by-Kirchhoff, and that his doubts concerning 
zinc arose from this cause. 

“ L’aluminiunt possede certainement des raies brillantes Anthem's 
en plusieurs endroits du spectre, mais les raies situees entre ,,,/X‘Xv?- 
les deux H sont les seuls qui semblent col'ncider avec les /Mun ust. 
lignes Fraunhoferiennes. Pour expliquer ce phenomene 
singulier, il faut dire que les raies violettes se pr^sentent 
coniine les plus fortes dans lc spectre de ce m« 5 tal. De 
mcme que les raies jauncs du sodium, ces deux raies 
d’aluminium ont fait voir quelquefois le phenomene d’ab- 

' 1 include this “below the line," though 1 cannot but think that its 
emission by Thalcn was accidental. 
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vot-ftTH sorption cousistant en ce qu’une rale noire^se dans 
le milieu de chacune d elies, ce qui prouvd la for^||tensite 
des dites raies, En observant les rayons i^Ktra-viofettes de 
ce m&al, on d^c idera si les deux raies*racn^crin^es cides- 
sus coincident ou notv^rcc des rates Ffauphdteriennes ; car 
‘ si ma supposition est vraie, les raies extra-Violettcs doivent 
coincider aussi avec les ligncs obscures du spectre solaire! 

" A deux raies du zinc que j’ai indiqu^es sur mes planches 
com me coTncidant avec des raies Fraunhoferiennej il en faut 
ajouter une troisieme.situce a 4809" ; mais, 1 t'garddes deux 
raies. tr£s-larges et tres-fortes, d’une apparencc nebuleuse, 
il n’y a pas de correspondancc visible ; ainsi, la presence 
du zinc dans le soleil me semble tres-douteuse. Je dirai 
cependant qu'il existe trois raies de magnesium, du metric 
aspect nebuleuse, que nc possedent pas non plus de 
correspondancc avec les raies de Fraunhofer, quoique la 
presence de ce corps dans le soleil ne permettre pas le 
moindre doute,” 1 

Tktiitus In the accompanying maps the lines of certain metallic 
vapours reversed in the solar spectrum are given under the 
(rum art spectrum mapped by the new method. It will be seen that 
t e j nvana £jy i) u rt ier$cil Hues tire simply these which are 

longest in the spectrum. 

k is not necessary on the present occasion to dwell upon 
the great importance of this determination, both in con- 
nection with the fact just stated and the other facts touch- 
ing the lines which remain longest in chemical combina- 
tions * and mechanical mixtures. It supplies us at once 
with the true test to apply to the reversal of solar lines and 
a guide of the highest value in spectrum observations of 
the chromosphere and photosphere. It is one, doubtless, 

* It will be seen from my maps that this statement is not accurate. 

Thahfn’s bter work left only one line doubtful. . 

* A. Mitschcrlich has noted the disappearance of certain lines in 
consequence of the presence of several subs trices in the s*™ 6 

* but he only applies this to the sun by supposing the substances to c 
combined, and so not to give a spectrum. — Ann. de Chim . et de 1 «> 

3 s< 5 r. vol. Ikix. p. <76. 
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which liable us to determine the presence of 

new jnj^llttala ^ the solar atmosphere, and it Is seen at 
once tfiifc to th#Jas^*published table of solar elements— 
that of Thal$n~«*nu*b added,” -zinc;* aluminium, and 

possibly stroatiuSfi ' al a’ result, application of the 

new test. ■”* - * ' • 

In the case of the chromosphere, the observations of the 
order of lengths of the bright lines is invested with a new 
importance, as also the observation of lines which are not 
reversed in the ordinary solar spectrum. As an instance 
of this, I may state, that the fact that the re-reversal into 
brightness in the chromosphere of the line 1474K is not 
due to iron vapour, is settled by the other fact, which this 
new method has enabled me to determine, that the coin- 
cident line in the iron spectrum is one of the shortest lines 
in the whole spectrum. 

In the case of the photosphere, not only may we hope 
to account for such cyclical changes as I have long had 
reason to suspect, and have referred to in prior communica- 
tions to the Society, but it is essential that spot-spectra 
shall be photographed with special reference to the con- 
sideration that in such spectra the new lines may now be 
found, in all probability, to be those which are only slightly 
shorter than those ordinarily reversed. This research I am 
making arrangements to carry on. 

It will be observed that in the maps the elements are 
arranged in the order of their atomic weights. This was 
done before all the comparisons were made, because, as 
I have before announced to the Royal Society in the case 
of several of the elements, the length of the lines in the 
spectra of the vapours observed in the chromosphere are 
also most frequently arranged in this order, as predicted by 
Mr. Stoney.* The comparison rendered possible by the 

I M*rium also, if a lapsus calami has not been made. 

This arrangement has since been broken up for the convenience 
?. the engraver. Some of the spectra having both sun and chloride 
ones had to be displaced by others without these in order to get the 
" ,0 ‘ c °f die maps on to the three Plates 
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maps also bears out this view with regard *|o the outer 
layers ; ftfr in the case of H and Na all lines are 
reversed, in the case of Mg, about, JvWMl^th^re was a 
doubt in Angstrom’s observations, qhly 00© line is possibly 
dropped, and this is not certain. When we come, however, 
to the elements with higher atomic weights, the number of 
lines reversed is less. But the maps also show that when 
once the higher layers of the chromosphere, where less 
constant action goes on, are passed, atomic weight ceases 
to be a guide'; and we are " therefore driven to other con- 
siderations, which promise to largely increase our knowledge 
of the kind of action at work in the solar atmosphere and 
the cyclical variation of that action. 

The maps which accompany this communication have 
been made by my assistant, Mr. R, J. Friswell. They 
have only been revised by myself. I am anxious to take 
this opportunity of testifying to the zeal ami ability lie 
has displayed in a research necessarily very tedious from 
its character, and requiring great patience and care. 

[It has been found impossible to give here all the maps 
and tables which appear with this communication in the 
Phil. Trans. The accompanying Plate, however, in which 
some of the maps are reduced, will give an idea of the 
results of this research ] 
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Fifth Paper. , ' 

Researches in Spectrum Analysis in connection tdith the 

Spectrum of tkeSun, No. II.— By J. Norman Lockyer, 

F.R.S. Received March 14, 1873, 1 

[Abstract.*] 

The observations in this paper are a continuation of 
those referred to in the previous communication bearing 
the same title. They deal (1) with the spectrum of 
chemical compounds, and (2) with the spectra of mecha- 
nical mixtures. 

I. Chemical Compounds. 

Several series of salts were observed ; these series may 
be divided into two : — 1st, those in which the atomic 
weights varied ltt each series ; 2nd, those in which the 
associated elements varied in each series. The following 
salts were mapped : — 

Pb Fj, Pb Cl 2> Pb Br, t PbI,; SrF.„ SrCL,, Sr Br 3 ,Sr I 8 ; 
BaF 2 , BaCI*, Ba Br 8 , Ba I 2 ; Mg F,. Mg Cl* Mg Br 8 , 
Mg I, ; Na F, Na Cl, Na Br, Na I. 

The conditions of the experiments are described ; the 
same aluminium cups, described in the first paper, were 
used, and the poles were arranged in Sttch a manner that 
they could at will be surrounded with any §al or vapour. 
Hydrogen was used in some of these experiments ; it was 
purified in the usual maimer by drying and|freeing from 
traces of sulphuretted hydrogen ; it was th£&?passed over 
clean cut pieces of sodium, and admitted to tile poles. An 
iuduction-spark from five one pint Grove cells was u§ed, the 
circuit being without the Leyden jar. 

' (foe, R. iSVvpl. xxi. p. 285, Na 144. - . r 

This paper.will appear in extern# in tj*e forthcoming volume ol 
tile I'lulosophical Transactions. -** 
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■ sjThel^ii impounds behaved (in air) as follows : — 

The fluoride gave the eleven longest lines of the metal, 
but four were vfry faint. 

;; T|e chloridef|§ave nicp lines ; one of these is very 
• . short w': • 

The bromidfe gave six lines, but one is a mere dot on 
the pole. , * 1 

The iodide gavejfouVlines distinctly, and two as dots, 
one of which is scarcely visible. ; * 

Tkt Hmet It is pointed, out that the decrease in length and number 

tuSfatf °^'^ ocs f°*i° ws the increase in the atomic weight of the 
tk<tritn £ tk. non-metallic element, the lines dying out in the order of 
their lengjth* - ' 

Bartuhi was* next experimented on, the same series of 
salts being used.’;..' A marked departure from the results 
obtained in the case' of the lead compounds was observed, 
especially in the case of the fluoride, its spectrum being 
much the simplest; in fact, it Consistid of .only four lines. 
Strantium behaved Jihe barium, and so <fid magnesium 
Anomalous fluoride. ^is anomalous behaviour was (blind to be most 
»f/ im *ri de t P ro hably duetto the exceedingly refractory nature of these 
' J fluorides, all qf them being quite infusible, and non-volatile 

in any spark that was used. ^ 

M turn Sodic fluoride, sodic chloride, sodic bromide, and sodic 

t*us. exhibited a Behaviour exactly the revere? of that of 

lead, i.e. the iodide sftpwed most of the metallic spectrum. 
Ham* tU iv difference teet#iii flame-spectra and those pro- 
duced t^ a wlsk electric discharge are then discussed. 
m mtb itm Beads of, the. Chlorides, be., were heated ili a Bunscn-gas 

"structure spectrum (since. proved to 

be due tb ’■ OjsHT<Jc > and the line at wave-length 5534*5- 
by verjif^^hc longest metallic line of barium. The 
bromide l|e]i|Ved like the iodidti and so did thp chloride, 
except that itf Spectrum wasmbre brilliant. Baric fluoride 
gave sdBce^a|ti^cc. of ajipcctrum, the oxide structure 
being scarcely visit. and very faintindeed. 1 » c 

strontium salts follow thoscofbptiuOt — 4607*5. the longest 
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strontium line appearing in conjunction ^i^'^oxide 
spectrum. The strontic fluoride, however, refused to give 
arty spectrum whatever. These results am compared with 
those pjjtained with the weak sfferk, and it is shown j^t 
the diflferenrte is one of dtegree ; e.g. baric bromide gives 
25 lines in the spark; these are- the longest lines. Iti fee 
flame it give$,but one line ; but this*|>the longest of nil 
the ba$a*h lines, and indeed very far exceeds all the others 
in length, '^fhen the flame-spectra are compared with 
those produced by the low. tension spark, the spectra of 
the metals in the combination are' in the former case" 
invariably^mor&^imple than iu the latter, sf that only the 
very lotigdCl^fe or lines arc left. 

Some experiments made by Mr. R. J. Friswell tcf deter- 
mine the cause of the similarity of the spectM of the 
various salts of the same metal observed in air are then 
given, the conclusion being that the spectrum observed 
is really that of : thc bkide. 

Kirchhoff asil Bunsen's, Mitscherlich'^ artd Clifton and 
Roscoe’s prior conclusions on the points investigated are 
stated at length ; and it is shown that the -observations 
recorded, taken in conjunction with the determination of 
the long add short JfineSf^f -metallic vapours, are in favour 
of the views advarrcedbyHM itscherlich, Clifton and Roscoe. 
For while thespectra of the iodides, bromides, &c., of any 
element, in air are, the same as ^Cjlted by Kircbhoff ai»d 
Bunsen, the fact that this is not thespectibmof t^.njftalis 
established by tbeother fact, that only the very longiit tines 
of the metal ailif resent, inf reused dissociation bringing in 
the other metallic lines in order of their 

The spectra have been mapped with the salts irFhydrogen : 
here the sjjjeefem are different, as stated by Mifsclterlich ; 
and the metallic lines arei refiresented accoritnfto the 
volatility of the rom/vurtd. Only the very Kajprst lines being 
visibleJn the ease &f the least-vsddtile one. ^ ; : 

The following are the v Concisions arrived at 

A compound ix*dy has jjsf definite a spectrum as a 
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Flo if, Sec chi >, i\yes of stellar ‘>p>ccrra, showing that in Mime «ars there are probably ntetaHoids or comp-'Hind bodies in their aiffi*isp1w?f 
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single one ; but while the spectrum of the latter consists 
the number and thickness of some of which 
m©e«^C#ith molecular approach, the spectrin of a cOip- 
p&|insists in the main o^^nnclled spa^pnd bands 
xvh^increase in like tnartSi#. ' In shbrt* the modules of 


a sim^e body and of a compoup^ong. ato,aneccen ip 
thc -s^p 'faiiieir by their approadvp^fe^ In'sbifar'a* 
th# |pgw«re conce/ned^, in other inotitfy both, ipettrit 

nplicity pf the spectrum ^depenxfsi 
3^n<^ecuics, v Apd ’ QftJnrii 
nuous , sj^trutp) upon ^heUr nearest 

•* -r-rf ' ■/: ^ 



as 

pound bands th 
MitschadichfVot 
same si 
refcrred'to. 


cutes 
those 








compound bodies, is 
>h Is alic^ol whether the tnbfe* 
|hot in ^structure lie between 
tuts ott the one hand -and com- 


spectra ; tgM 
shows thatffni 

the — ’ '■* 


sun. 


a -are applied to sofart^d s|elh»r 
appearance of the sokfefipeotfsmi 


probabOity there 






Secchi'a maps of a iargeTfrumber of stellar spectra are 
referred toa$*npw i ndtea t in^beyoodaft^bu bt the existence 
of comp^md^Vapours in t her atmospheres of some stars ; 
#nd it is^suggested that theYphenpmeiuiof variable stars 
^ be*d^^^||^ifei« stile^bf- equilibrium In the 
t^perature '■**$$ '.$gjir ’^ici^pfitv ^produces- the great ab- 
s °rption of the coin iy und and ndw that of the elemental 
ihpjeculds. 
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fifth II. Mechanical Mix/nres. 

FAFJUt. * ■ •s'l 

file second, part of #e paper deals with mechanical 

mixtures; Maps of the grt^a^ of alloys of the fpUowinc 

... §n gtd ^ft piBpeiitagetf bf W Io'O, 5 0, ro, 015. 

.*-£ ^ 5 -o.i r „ . 

ti||B>cne ^)^||e«. ■ -ftom the 

spettrem m*A |fe||)erc^i^|" becomes tesi, the. shortest 
lines disappearinjg first f-imd. that, although We have' here 
. ^eioreshadhtt^ig quaort&ative spectrufo analysis; the 

■ method is so rbu^.|» to ..he.Jaa^pllB^tel^t is then 

trum amh ' -Vitos', . - -**•• 

/r/r> i*r,C- 
gattd* 


atatetf tflat lurtner re^arcoesw* 
much greafcr'llSrai**^ 

‘ The bearing of |«ie restttts oaf^p|wedge of the' 
reversinglMrer of thefca^t mosphere 1* then discussed. 



1 Jtfc&o TE S. 

.... 

~ JtOTE A f 

*r. 

Spot Pkeno.m ex a Ajsrb . Tu&orj es. 

The following jttges contain a r/suitrt of the observations 
and^theori$s c^?v|rious investigators of the speettum of 
solar spots* My ovAt obsc^itknis and theories, it will be 
unnecessary &*• again,* as they have already been 

given. ■ >.• * . , 3ft ' ' .. 

My first observation was made, in It 866 (see p. 435). 
In 1867, Mr. Hugginps stated to ^e i »Royal Astronomical 
Society that inythe 4 Sijpots no certain modification pf tlic 
solar spectngit had been deteqhSd? ' in i868|. however, 3 
in a paper r^d. before?the Jt^p||^pcie^y''oii : 'May 14th, 
after stating that had'h|^^ whole spectrum 

from A "-aio... ;tjic spots which were 

not present in the ordinary spectrum of . the sun» he 
observed* that absorption was both continuous and 
selective, as I hadalready done, the” lines .^and' F being 
but slightly intensified, while the group of chrommm lines 
a less refrangiblq than b was especially marfeedPjiy 
increased strength*” T$e$ same was the case with D* of. 
which Mr. Hoggins Remarked : " These lilies appeared 
s ‘iglitly broade^d$ 4 f by the addition df a faint and 
narrow nebulosity at bpjth sides.” 

ft .4 s„ vol. xxvii. p. 131. 

3 * r*t as., 1868, p. 553 rf s<q* 
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Nike a. He further mentioned the lines B, b, K, many of the 
T j ron |j ncs j n Kirchhoff’s map, and probably 20662 ami 
2q6j \ (Kirchhoff), as participating in the increased strength. 

Father Sccchi, whose first kjea seems to have been that 
the spots contained aqueous vapour — about which more 
presenUy— com m u n icated , in 1869, several papers to the 
Paris Acacfeririy of Sciences, irr which he makes the fol- 
lowing remarks on the phenomena observed : — 

** Lorsqu’onplace unc&achc dans le champ du spectroscope, !e tai- 
sceau des rates correspondantes se prtfsente k peu pros coramc su,t 
»* les raies noirts qui sont tr^s- fines et trib-nettes dans notre instrument 
sur le reste du Soled, paraissent se gonfltr ct sVlargir i\ tracers la 
tache; leur bords rife sont plus tranches nettement, comine dans le 
reste du spectre ; s'* tin grand nombre des rates triss-fines et a peine 
visible ailleurs deviennent tres larges ct ncbulcuses, cotnme je I'.ti deja 
mdique dans une autre communication ; 3* toute 1 harmonic de 1’intcn- 
sue relative des lignes brillantes^sc trouve profondrinent aitdree, 
et, pendant’ que quelqucs-unes dimioiietu fenormriment d'imcnsite, 
dantres ttavcn$Q} toute la tache rit mhtte le noyau, sans s’aff.til>lir ; 
4*. s’adaiblir, cet eflet eat d& pluu'rt a un 

cinpietemeht de* lignes noires Oargies qu*& une diminution redle de 
lunfiire. Ainsi dans la? demkre tache, Margissement dts raies 
IT et D* ritalt at- grand, que ^interval Kimincux disparaissait presque 
compktement, pendant que, avec notre fort instrument, dies euient 
1 re s-s< 5 parried et trdi-neUes ct» dehors dc la tache/ 1 

tote classe de pfifomufenes encore plus intrirrssantes a attire 
matt attention : la zone obscure' qui sc ddvcloppe par absorption dans 
les noyaiuc entre les rates D v pt'a fait chercher s'il n’y cn avail pas 
d'autres. EfTectivement, j’ai constate que. dans quatre regions du 
spectre, cettc absorption devenait plus sensible que dans le reste : 1* 
I'une de ccs regions Se troupe darts k rouge, prfes dc C du « 6tx ; de H ; 
2* une autre prfes de la rate 1) ; 3* tin espace assez vastc dans Ic vert, 
ct cc qui cst plus rcmarquable. j'at observe que sur le fond de trite 
nritmlositl sorobfe briUaicnt des raies lumincuscs, sfepaitfes deux a 
dgux par dps tdticvftik* mediocre*, qui dchappaient evidemment : 
txmtc absorption j #enfin unc autre bande dans le bleu, prris de/ 
■': 0 J'xi dit d'abord xpte les rates 7 et to ae Van dcr WilUgen daient 
trfes-mtrdifiries ; rnafe ce nc sont pas leajculcs : il y cn a «n g™ 11 
nombre d'autres qai le sont dc la Ccs deux rates 

apparficnnentr.au calcium. Des ph$w|H$es pareils sc devcloppe" 
dans ic croupe foirint du fer, ct surtottt nUns lc groupe com pm en ■ 
les rates 1207 et 1241 dc Kirchhoff ut 'rffttw debit flont le mihen < 
respond k la rate 1421 de Kirchbofil ?Ce#‘raie* deviennent plus _ 
et restem bieti tranch^es. Or bcaucoup de ce* raies appsirtiet • 
au fer, et j’en at identify yn grand nombre, Au contratre tes < 

1 Comptet Rendus, vol. Ixviii. f. 764* aoith March, *869. 

* Op. cit,, vol. cit., p, 961, 26th April. 
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<iu magnesium ne so at que trls-faiblement influences ; les raies du 
sodium qui s^largissent, mais devicnnent mSbuleuses aux l>ords et cn 
quclqucs autres points, stmt peu influences. De \k 9 on pourrait conclure 
que ccs vapeurs sont, h dcs hauteurs difflrcntes, cn proportion trfcs- 
di verses.” 1 

He also states that aspect of the spectrum of spots, 
especially on the penumbra:, is like that of certain stars, 
and then that the spectrum of a spot resemhlef Phat of the 
limb : — 


“ Ayant examine? comparativement le spectre du noyau des tachcs 
ct cclui du bord du disque, du cdii? int<?rt£ur, je suis arrive k la con- 
clusion quo ces deux spectres sc ressemblent con s i d cnible ni e n t . L 7 dlar- 
gissement des raics constat^ dans les noyaux se reproduit pr£s du 
bord, de sorte que, dans cette region, il dgale souvent cclui qu’on voit 
dans les taches les plus l< 5 g£res et les plus superb del les.” * 

“Ainsi se trouve confirmee indirectcment cette assertion, que Tab- 
sorption qu’on remarque dans les noyaux des taches n’est pas due a 
des masses dtrang&rcs qui fl otter aient au-dessus de la photosphere, 
mais seulement k une plus grande profondeur de Tatmosph^re tra- 
versde, car le meme effet se produit pres du bord par la simple inter- 
vention d’une plus grande tfpaisscur de cette atmosphere tp§jme. r * J 

This however lie has now (1873) abandoned, i 

The next statement is that there are no new lines in the 


spots : — ; 'v • ^ 

“Nous avons vu que, dans ce spectre, il n*y a pas production de 
rates fondamentales nouvellcs, mais seutement un renforcStnent con- 
siderable des raies solaires connues cxistantes.” 4 * 

In his description of the spectrum of a solar spot, April 
9th, 1870, Professor Young states : — 5 


. ... 44 Many of the dark lines were widened and deepened in this 
nucleus spectrum in the manner which the description and figures of 
Mr. Lockycr have made familiar. Many also were unaffected. Among 
these were notably a f B, E , 1474, the four Jme§ 1691 and G. 

u The two sodium lines Dj and I)*, and 850 (Fe) were distinctly, but 
not greatly, widened. * * 

“ The effect was mpsi marked upon the following 864 (Ca). 877 
(Fe?), 885 (Ca), 893 (Ciwid Li), 1580 (Ti), 1599 (Ti), 1627 (Ca), and 
1629 (Ti). 1 have mark® 877 doubtful, because there lies very near 

it a line whose origin is unknown, and I am not sure to which of the 
two the thickefting duel The Titanium lines are identified as 


NOTE A. 


1 

a 

» 

4 

8 


C&mptes Rendus, voL Ixviii. p. 962, 26th April, 1869. 
Op. cit, voL txix. p. 40, 5th July. 

Op. tit, vat city p. 41 , 5th J uly. 

Op* cit., vol. cit, p. 166, 19th July. 

journal iff Frtmplin Institute , No. 535. p. 64, July 1870. 
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such by reference to Angstrom's Atlas, I was greatly surprised at the 
prominence they assume in the spot-spectrum, as they are incon- 
spicuous in the normal spectrum ; and a similar remark applies to the 
calcium lint's. 

*• l do not intend to convey the idea that the lines mentioned were 
the only ones that were much deepened ; there were many others, 
mostly taint, affected to nearly the same degree, but 1 had not time to 
identity them/' 

But it is to the brilliant results of his expedition to 
Mount Sherman that I am most anxious to call attention. 
Me states : — 1 

“The spectra of several different spots were carefully studied, and a 
catalogue was drawn up of 155 lines which are more or less affected, 
usually by being greatly widened, but in some cases by a weakening 
or reversal. Several bright lines were also found in the spot-spectrum" 



VvongV of the spectrum of * «*>tar *|K>i between < and u. 

and between C and D some very peculiar sidings terminated sharply 
at the less refrangible limit by a hard daifcw<$ but fading out gradii- 
ally in the other direction at a distance oi^sR^ or four of Kirchhon > 
scale divisions. The interpretation of such markings is not quite clear, 
but would rather seem to point to such a reduction of temperature 
over the spot-nucleus as permits the formation of gaseous compoun - 
by elements elsewhere dissociated, since the shaded spectra are quu 
proliably characteristic of non-elemcmary substances, a viW mrunt 
by Schusters recent beautiful investigations upon th$ spcctrui 
nitrogen/' 

1 XfUun'y December 12, 1872, 
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With regard to the reversal of the Calcium lines H l and 
H 2 , he adds : — 

“ It was found that these two lines (not the hydrogen lines, as has 
been erroneously reported) are also usually, and 1 am pretty confident 
always, reversed in the spectrum of sun-spots, not so clearly, more- 
over, in the nucleus as in the penumbra, and over a somewhat extensive 
region surrounding it. This reversal of the H lines does not involve 
at all the disappearance of the dark shade, but a bright streak rather 
than a line makes its appearance in the centre of the shade, which 
itself is, if anything, a little intensitied." 

Prof. H. C Vogel 1 gives the follo.ving list of lines seen 


in the spots 

: — 




660-4 

f e 


5990 


653 1 



594-8 

Fe 

651-5 


very much thickened 

■ 5 8 9'5 

( Na 

6476 



5889 

1(H) 

6462 

Ca 


587-4 


6454 



585-6 

Ca 

6449 

C a 


5789 

Fe 

643-0 

Fc 


5790 

Fe 

641-1 

Fe 


578-5 


6407 

Fe 


5762 

Fe 

6346 



575*9 


641-4 

Fc 


575'4 

Fe 

6294 



573*0 

Fe 

629-3 



5726 


629-1 



57 >7 


6290 



5708 

) 

628-3 



570-5 > Fc 

6280 



570- 1 ) 

627-6 



568-7 1. Na 

624-0 



56S1 / iNa 

623-9 



566-4 


6237 



5661 

Fe 

623-6 



565-8 

Fc 

619-1 



5 ,8 '3 ] 

J Mg <*) 

617-2 

Fe 


5 «7'2 

6i6-8 

Ca 


5167] 

Fe 

Fe 

616-2 

6i6‘1 

Ca 

Ca 

| ^tf^rauch thickened. 

4957 

492-0 

614-4 



49F 8 

Fe 

613-6 

Fel 

1 



612-1 

Ca I 

1 



610-1 

Ca 

!* much thickened. 




Fe 

r 



6007 

Fe J 





* H. C. Vogel, " Beobachtungen angestdlt auf der Stcmwarte des 
Kammerherrn von Biilow iu Bothkamp.” Heft «. ps. 
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T hawks, 

sorK a. After Mr. Huggins had convinced hirftself that there 
really was a difference between the ordinary solar and a 
spot spectrum, he states : — 

" It may be well to consider some of the conditions of the solar 
surface by which the phenomena observed may have been produced. 
A cooler state of the heated vapours by which the lines of absorption 
are produced, would diminish the radiation from the gas itself, and so 
leave more completely uncompensated the absorption by the gas of 
the tight from behind it. This cause would produce increased black- 
ness of the lines, but would not account for more than a slight appa- 
rent increase of breadth. The greater breadth of the lines seems to 
•punt rather to a condition of the gases in which their power of absorp- 
tion embraces for each line an increased range of wave-length. That 
the power of absorption of gases varies in this respect is shown by 
the increase of breadth which some of the bright lines of some gases 
assume under altered conditions of tension and temperature. It will 
be sufficient to refer to the expansion of the lines of hydrogen as the 
tension increases. A similar increase in the range of its power of 
absorption on light passing through it should take place under similar 
conditions of density and temperature. 

** The phenomena may point to an increase of density in the vapours 
existing within the umbra. Such a state of things would necessarily 
exist at a point somewhat nearer the sun's centre ; but we do n«»*t 
know through how great a depth of gas below the photosphere ue 
receive the light which comes from the umbra. Our views on this 
point will lx* connected with the interpretation we give to Mr. Dawe s 
discovery of the existence within the umbra* of spots of a still darker 
part almost wholly devoid of light. Docs this nucleus represent a more 
complete unveiling of the inner part of the sun ? or does it show a still 
cooler and less luminous part of the down-rushing solar atmosphere? 
The latter suggestion, which is in accordance with the explanation n! 
sun spots proposed by Dr. Balfour Stewart, would seem to connect a 
lower temperature with the broader lines of absorption*”* 

Dr. Frankland and myself have, I think, now shown 
beyond all question that the phenomenon is ready due in 
the main to an increase of density. * 

Let us now consider the explanations and theories 
adopted by Sccchi as regards the phenomena of spots. 
One oCj.UK? /first theories he takes up is that the differ- 
ences in the spectrum which he saw was due to the fact 

that the vapour of water — steam — exists in the spot*. 

■ • ;• ? / * 

PkH. Trans., 1868. pp. $$2—$$4' 



SPOT PHENOMENA AND THEORIES. 


567 


“ Enftn je crois rr|6me avoir vu des traces de vapour d’eau dans le 
soldi, et surtout dans ic v'oisinage des tacbes. On voit 1 <\ les meraes 
series dc raies ndbuleuses quo lorsque les cirrus vont traverser le 
champ de la lunette. Mais cela demanderait k &tre appuyd par des 
nouvellcs observations.”* 

“Dans la dcrni&rc communication . . . . je vous annoncais que je 
croyais avoir constat*? la presence de ia vapeur d’eau dans le voisinage 
des laches soiaires, en ajoutant toute fois que cela demanderait des 
recherches nouvelles. Ayant eu dernidrement de belles journdcs, j'en 
ai profile pour analyser le phdiomene, ct je vais 1’exposer en detail 
vu sa grand importance.” 

****** 

“ l)’apr6$ ces rdsultats, il paraft clair que la vapeur d’eau existe dans 
l’atmospherc solairc, au voisinage des grandes tachcs : il reste seule- 
ment it verifier la Constance de ces phJnomcnes ct si elie se vdritie 
pour tous, car j*ai rencontrd des tachcs trcs-petites et tres-noires qui ne 
la prdsemaicnt pas.” 2 

Alluding to certain nebulous lines in Kirchhoffs map, 
he says: — 

u On ne connait pas les substances que les produisent, mais quel- 
ques-uns d'entre eux sent dus sans doute h la vapeur d’eau, surtout 
dans l’orangd et la jaime.”* 

At the same time that he was promulgating these views 
as to the presence of water in spots, he was defending the 
selective absorptive nature of the phenomena from the 
attacks of Professor Respighi, who considered it might be 
accounted for instrumental!/ : — 

“ Le plidnoinfrne que nous venons de signaler nest done pas Pcflfet 
d’une simple diminution de luiniere dans le fond, mais il est bien du 
a une facultd absorhante Elective plus intense, qui reside l interieur 
des laches, En eflfet, nous savons que les tachcs sent des cavitcs 
dans le photosphere : dans leur interieur, la couche absorbante doit 
Ore plus dpaissc, et altdrer beau coup de rayons que ne sont pas 
absorbs par iatntosph&rc cxtdrieurc. Les lignes bnllantes qui tra- 
versent souvent les noyaux pourraient bien etre les lignes directes de 
C V S . S az que j'<*i signalds comme constituant la masse gazeuse in- 
tcrieurc du soleil des le tftois de janvier 1864 (voir k Bull. M(?t« 5 or. 

M^kservatoirc/ 3 1 janv. 1864, vol. iii. p. 4)* 

Cet effet serai t alors complement semblable h celui qu'on observe 
dans ratmosphere terrestre, oil unc couche plus i c paisseprdsde l’horizon 
produit lYdargisscment de lignes fines, et donned un grapd nombre 
d autres lignes, k peine visible quand le soleil est assei telit, un 


1 Comfifcs RenduSy vol. lxviii. p. 238, 1st Feb., 186& 
* Op. cit,, vol. cit, pp. 358—360, 15th Feb, 

3 Op. cit., vol. cit, p. 1084, 10th May. ; 
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aspect mfbuleux. Telle me paralt Implication plus rationelk- <lu 
phdnomirnc qu'on observe en analysant les laches solaircs au spec- 
troscope.” 1 

It is clear, then, that he does not accept the greater 
density theory. 

In the following Secchi suggested that the spot nucleus 
may give a first order spectrum : — 

‘•Or, »l scrait impossible, dans lc Soldi, de distinguer unc autre 
espece de lumicre que celle des rates brillantes des spectres de <lcux 
tome ordre : celles du premier ordre sont trop faibles et peuvent 
tout au plus produire les rones plus obscures que nous avons con- 
stants dans les noyaux des taches.” 1 

With regard to later discussions which have been going 
on while this book has been going through the press, I 
may just say that Secchi in his book on the sun, and also 
in several discussions with M. Faye, had insisted on the 
spots being centres of eruption, and considered that the 
expansion of the erupted masses of gas caused a cooling to 
such an extent that absorption was produced by the dense 
gases resulting from this cooling. After, however, discus- 
sing with M. Faye that author’s new theory of cyclonic 
action as the prime producer of spots, he has changed his 
ideas, and considers the spots as being themselves the 
erupted masses floating on the surface of the sun. The 
following quotation, which I give in the original Italian, 
will show how complete and how sudden was this change 
of front : — 

“ Jo in quest’ opera [his book on the Sun,] mettava il centre dcllc 
cruzioni net ccntro dcllc macchie ; ouesto non t dimonstrato false, nw 
ha bisogno, di prove piit positive. Lo studio reccmc mi fa crnjcrc que 
la macchia t format.! prineipalmentc dal la tnassa dei gaz c dei yapore 
prowenknti daJIa eruzioni, quests massa informa da principio si yiene 
poco a poco regolartzzando e prendendo una forma circolarc hno a 
tan to ebe in progresso di tempo cssa vienc divisa dalle corrcnti, come 
mo9tr»Fo»s«jNrwkme. ' ' * 

reply to I* itj'o, 
1869. 

utHi, vol. i., 

p. 1 16, 


The following statement by Secchi, in 
‘1e same point 



p. 765, 29th March, 
th, 187a 

Wa’a.' JlJ+jiJ 
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“ M. Faye continue : * Les aches ne scmt plus que le receptacle des 
produits trop lourds pour etrc entrainds par Fhydrogfcne au-dessus de 

la chromosphere.’ 

“ Ce n’est pas lit l’cxpression exacte de ma pensde : les taches sont 
bicn, selon moi, dues a des amas de vapours emiscs par eruption et 
rofroidies ; mais jc n’ai pas dit que l’hydrogene ne pouvait les 
entraincr, ni qu’cllcs ne pouvaient cfepasser la chromosphere. Com- 
ment aurais-je pu le penscr ayant vu le magnesium et le sodium 
eievds jusqu’it une et quelquefois deux minutes. Habituellement 
mcrac, dans les masses vives, on les voit ddpasser considdrablement 
la chromosphere. Je n’ai pas davantage considdrd lhydrogdne com me 
dtant le vdliicule des autres vapeurs : j’ai dit sculcmcnt que les vapeurs 
metalliqucs sortent me Ides h 1 ’hydrogirne, mais jc crois qu’ellcs pour- 
raient dgalcment sortir par leur propre force, et sans l'aide de ce gaz.” 1 

M. Rayet considers that though the spots may owe their 
formation to an ascending current, according to M. Faye’s 
first theory, yet that a descending current is the more 
probable. That if the hot atmosphere surrounding the cloudy 
photosphere rushes down upon it^ the clouds will dissolve, 
and the brighter portions will then appear as a facula ; and 
then if the hot current penetrates still deeper, the photo- 
spheric rain will cease, and be replaced with a bed of clouds, 
thus causing a penumbra, the centre of which being still 
hotter, stopping all condensation, will produce a spot 
nucleus. He then adds : — 


“ Cette dcmiire hypothec cn faisant ddpendre la formation des 
taches de Faction d’une couche exterieure i la photosphere, montre 
parfaitement que les faculcs doivent prdctfder les taches et se trouver 
accutnuldes autour d’clles : cc dont Fhypothese de la cause interne, ne 
rend que difiicilcment compte.” 


He adds that we have direct proof of these descending 
currents, and refers to Secchi’s observation of the promi- 
nences inclining towards a spot, and to my own of the rush 
of the willow leaves into a nucleus. He then adds : — 


“ Si en eflet lc noyau des taches dtait forind d’un nuagtjde particules 
fmirUe AAHMit nbr-Alu mnn f obscirir; Pannlvse 


solides froidcs, ce 


[’analyse 



! obscuritd des iignes noircs du spectre sc^ijre ordinaire, acc^issement 
Kicntique k celui qui rdsulterait d’ui^ .d^lawiisite de s 

1 ComftUs JRcnduSy vol. lxxvtJj*. 912, April 4th, *873* 
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notk a. vapcurs mdtalliques qui renfcrme 1 ’atmosphtre solaire ; or, cVst m-,; 

ewAneat un accroissement dc cet ordre que doit produirc la dissolution 
des nuajjcs photosphtfriques par un courant chaud.”* •> <>» 


NOTE B* 

Mr. H l og ins and the New Method. 

> >ie it. Soon after I began to observe the sun telescopically, in 
1 86 1 , with my 6| object glass (a chcf-d anvre made by 
Messrs. Cooke, of York) which I received in that year, 
I had the pleasure of making the acquaintance of Mr. 
(now Sir William) Grove, who informed me that for many 
years he had been attempting to observe the solar pro- 
minences by means of red glass in ordinary sunlight, 
stopping out the sun's iqpigc in the telescope by a suitable 
diaphragm. When, therefore, I published my paper in 
1 866, in which was contained the idea of rendering them 
visible by means of a spectroscope, I looked uj>on the red- 
glass method (which J had myself employed) as so well- 
known and obvious that ! did not consider any reference 
to it necessary. 3 

* M. G. Ravet, * Mcmoirt sur les raics brillantes du ijpeetre dc 1'at- 
mospherc suture, ct sur la constitution physique du Soldi.” September 
fSyt.pp. 76.78. 

* See pp. 444, and 446. 

J I have elsewhere stated that this idea of thus using the spectro- 
scope occurred to me in a conversation with Dr. Stewart. As Mr. 
Huggins has stated, in the Council of the Astronomical Society, dial 
there is nothing in my paper to show that I had any conception of the 
method I afterwards successfully employed, 1 append an extract of a 
communication by Dr. Stewart on this subject ; — 

“ Permit me to state that to Mr. Lockycr undoubtedly belongs the 
credit Of haVMMt,known this method, even before his preliminary paper 
in 1866, in- winch it was sufficiently published. VVc had numerous 
conversations on the subject, and when he showed me the MS. of ms 
preliminary papetyaod told me at the same time that he was about to 
ask a gram for the purpose of procuring a more powerful spectroscopy 
I advised him to introduce his views in the shape of a question, win 
he ichinth^rjd in the following term* ‘ May not the spectrosej 
aftbnl us ctfcfedte of the existence of the “red flames, which x> 
eclipses have reveakd to us in the sun’s atmosphere, aluiougn 
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In February, 1 868 — nearly a year and a half after my note b. 
# pap er — Mr. Huggins presented an account of the work 
done in his observatory to the Anniversary Meeting of the 
Royal Astronomical Society- After stating that he 
had succeeded in constructing a new spectroscope with 
dispersion equal to about seven prisms of dense flint- 
glass of 60*, which, be it remarked, is more powerful than 
the spectroscope I have usually employed in my researches 
up to the present time (1873), the report proceeds : — 

u Mr. Huggins intends to make use of this instrument in the continua- 
tion of his observations on the spectra of different parts of the sun's 
surface, and of the solar spots. He has already insulated the spectrum 
of the umbra of a spot. During the last two years numerous obser- 
vations have been made for the purpose of obtaining views of the red 
prominences seen during a solar eclipse. The invisibility of these 
objects at ordinary times is supposed to arise from the illumination of 
our atmosphere. If these bodies are gaseous, their spectra would 
consist of bright lines. With a powerful spectroscope, the light 
reflected from tne sun's edge would be greatly reduced in intensity by 
the dispersion of the prisms, while the bright lines of the prominences, 
if such be present, would remain but little diminished in brilliancy. 

This principle has been carried out by various forms of prismatic 
apparatus, and also by other contrivances, but hitherto without 
success." 

In October 1868, I was fortunate enough, as described in 
p. 446, to obtain a spectroscope which, although of less 
dispersive power than the one then in use by Mr. Huggins, 
enabled me, on the first day of its use, to observe the lines 
of a solar prominence. 


escape all other methods of observation at other times ? And if so, may 
we not learn something from this of the recent outburst of the star in 
Corona ?* 

** I gave this advice to my friend, Mr. Lockyer, because 1 thought that, 
it might be some time before he obtained the new instrument, it 
jnight be well that he should publish what I conceive would enable 
him to claim fop himself the knowledge of this principle. And I think 
that anyone well acquainted with spectra, on reading the question put, 
could not fail to see what was meant ; and, if he were previously ignorant 
of the principle, he could not fail to perceive it I therefore feel rather 
astonished that anyone should claim the statement made by Mr. 
nuggms two years afterwards as being the commencement of a new 
pi in ci pie — letter of Dr \ Balfour Stewart , in Nature, voL vii. p. 301, 

tebmary 20th, 1873. 

1 Monthly Notices, E. A. S, vol. xxviii. p. 88, Feburary 14th, 1868. 
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noik k. Mr, Huggins at once addressed a communication to the 
Astronomical Society, in which the following passage 
occurred : — 

u The observations of the eclipse of August last having shown the 
position of the bright !ines of the red flames, Mr. Locfcyer aivi 
M. Janssen succeeded independently in viewing the spectra of 
objects/' i 

The paper goes on to describe Mr. Huggins' work with 
absorptive glasses of a similar tint to that to which I have 
referred in the first paragraph of this * Note/ 

To this attempt to take away all credit from M. Janssen 
and myself, I felt bound to send a reply, as the insinua- 
tion was as unfounded as it was unworthy. Here it is: 

“ In the paper referred to I read as follows : — ‘ The observation of the 
eclipse of August last, having shown the position in the spectrum of 
the bnght lines of the red flames, Mr. Lorkyer and M. Janssen 
succeeded independently by a simitar method in viewing the spectra of 
ihese objects/ 

*• The obvious meaning of the paragraph is that my work was based 
upon, and that my success was due to, the observations made during 
the eclipse in India* 

“ I therefore lieg permission to show I. That mv work was not 
based upon the I ndian observations ; and II. that my first success was 
in no way due to them. 

“ I. In the first place, I may remark that my work was begun in 

1866, and the method I adopted was dearly indicated in a paper com- 
municated to the Koval Society in that year. My observations were 
then unsuccessful, owing to the small dispersive power of the instru- 
ment employed, which I have since ascertained was utterly incapable 
of showing the bright lines. 

“Secondly, I attempted to remedy this state of things by using an 
instrument of greater dispersive power, and I obtained a grant for the 
construction of such an instrument, which was ordered in January, 

1867. 

** Thirdly, after a long series of unfortunate delays, due to instrument 
makers, and to my own severe illness, the instrument was received in 
an incomplete state on the 16th of October last (Friday night.) 

44 Fourthly, the discovery of the prominence spectrum was made on 
the 30th of October (Tuesday morning), r>. four days after the instru- 
ment was received, and on the very first day I gave to the observation 
after the instrument had been mounted, adjusted, and tested. 

" Fifthly, my method of observation was to clamp my telescope on * 
particular part of the sun’s limb, and then to sweep along the s P Ci ; * J 
very slowly (three adjustments being necessary), from red to J 

1 Monthly Notices, ft A.S.* November 13th, 1868. 
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then to clamp on another part and work back, and then to begin 

We now come to the second point. In what I have hitherto 
stated 1 have shown that the coincidence in time between my own 
results and the receipt of the information from India was due to the 
date on which the new instrument was received \ I am convinced that 
had the new spectroscope been received a year ago, the discovery 
would have been made just as easily ; and Father Secchi’s remark on 
the ease of the observation, even with an instrument of moderate dis- 
persive power, strengthened this view. I have also stated my method 
of work. 

“ Mow let us see how the Indian observations were the cause of my 
success, or if indeed they could have caused the success of anyone 
who depended upon them. 



Fig. 157,— -Kayet's, Herschel'ft, and Tennant's observations. 


u On the 20th October, I knew of three sets of observations : 
Kayet’s, Herschel’s, and Tennant's. 

u Kayet gave B D E b F 

and four more undetermined lines. 

;H«cW re | B « S r c J D jT! 

declaring against F, and hesitating very much to assign even an 
approximate place to the line in the red, 

Tennant gave C D b j n j? r 

bdievcd he also saw a line near G. 

, 1 " c above table will, I think, show how utterly useless the Indian 
iservations were for the purpose Mr. Huggins has assigned to them, 
tact, every lettered line, except A and H, is named. Had 1 indeed 
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not** n. worked with them at all, I should naturally have looked for the line D, 

as that is the only line in which all the observations correspond. [ 

distinctly referred to hydrogen (= C and F) in my paper of 1866, i )ul 
in 1868 only one observer is sure of C, and only one observer is* 
sure, of F ; and now it is stated that my success is due to the Indian 
observations. 

” 1 have sent this paper to the Royal Astronomical Society, not because 
any credit due to M. Janssen and myself is lessened by Mr. Huggins, 
paper, but because I know from experience that its Monthly A 7',' 
are one of the most important sources from which rite history of 
astronomy is written. I naturally, therefore, prefer that a true account 
of the recent discovery should appear in the Monthly Notices, instead 
of a statement incorrect in fact, which, were it left unnoticed, would 
mislead those who come after us.” 1 

Up to the present time — I state it with regret — Mr. 
Huggins has neither substantiated his injurious statement 
nor withdrawn it. 


NOTE C? 

Absorption at the Limb. 

note c. At p. 205 will be found a quotation from Angstrom 
. referring to Forbes' observation on this subject. In my 
paper (p. 478), although I did not state the position in 
the spectrum of the selective absorption which I held to 
be possible, I was of opinion that a selective absorption, 
in the case of the violet rays at least, was almost certain, 
from the fact that actinically the difference between limb 
and centre Is apparently greater than it is yisually. This 
idea I mentioned to Mr. Rutherford some time ago, but lie 
properly reminded me of the very great influence photo- 
graphic processes might have in producing the effect I 
had noticed. 

It is nevertheless, I think, true; and Herr Vogel has 
recently made some detailed observations of great interest 
bearing out this view. 3 

In addition to this absorption in the violet, Mr. Hastings, 
of the Sheffield Scientific School (needless to add U.S.),has 
recently succeeded in obtaining evidences of the increased 


I 

I 


Monthly Notices f ft.A.S., voL xxix, p. 4, 1869. 
Seep. 478. 

See NntHrfor$chet\ Jnhrgnng V., p. 321, Oct. 187:. 
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selective absorption in the visible part of the spectrum. 
Upon comparing the spectra of the centre and the limb, 
he remarks 1 

“ Certain differences are recognized besides that of intensity, by far 
the most marked of which are exhibited by the lines.**, and £* which 
become sharper and loss hazy near the limb. The line b % possesses 
the siune Characterislfc, but to a less degree; C and F also become 
sharper in the same region. Excepting these and the D lines, it re- 
quires very close examination to detect any variation. There is, how- 
ever, a line in the red at 768* 1 of Kirchhoffs scale which is strongly 
marked near the centre of the sun’s disc, but disappears entirely, to 
my power at least, within 16” to 20" from the limb. Two other lines 
below F, at 1828*6 and 1830*9 of the same scale, exhibit nearly com- 
plementary phenomena, />., they arc strongly marked near the edge, 
but much fainter at the centre. These latter lines also become greatly 
strengthened over the penumbra; of spots. The line 768*1 is not thus 
affected. These are all the differences which I have invariably seen 
repeated in examinions since February 17. 

* Others have, however, been suspected. Certain lines, which are 
strengthened in a region of spots like those above mentioned, appear 
to be strengthened also near the edge, but do not undergo so marked 
a change. It is obvious that the differences should be most pro- 
nounced in the clearest sky, and such is the case. The closest ex- 
amination has extended only from B to a short distance above F, as 
the plate glass of which the small prism is made has a decided yellow 
tint; and absorbs the blue rays strongly. 

“Since the light from the border of the sun undergoes a general 
absorption, which reduces its intensity to much less than one-fourth 
that at the centre, according to Sccchi’s measurements, and yet the 
spectroscopic character is changed so slightly, it is impossible for 
me to escape the conviction that the seat of the selective absorp- 
tion, which produces the Fraunhofer lines, is below the envelope which 
exerts the general absorption. But the phenomena of the facula; 
prove not only that this envelope rests upon the photosphere, but 
also that it is very thin. The origin of the Fraunhofer lines, then, 
must be in the photosphere itself, which is in accordance with Lockyers 
views. 

“ Any effects which the chromosphere might produce we would 
anticipate finding most evident in the lines of those gases which are 
readily detected there. A reference to the observations shows at once 
a compliance with this anticipation in the lines of hydrogen, magnesium, 
*md sodium. The line 768*1 is not less strikingly in concordance, if 
n be ws 7<3& % >* > \nd\caves AowYa as vo \\\c vcivvbs vW 

scale, and * absence of a corresponding black line) of Youngs Cata- 
'<>£uc of Chromosphere Lines. The lines 1828 6 and 1830*9, with 
others of the same class, probably have their origin in the medium 
winch exerts the general absorption, and thus are allied to our telluric 
hues. It hlso seems probable that the chromosphere is too transparent 

Nature , vol. viii., p. 77, May 22nd, 1873. 
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note c. to reverse many of its lines. That this is the case in the helium li nfN 
is tolerably. certain.” 

These results of Mr. Hastings’ are of the highest value 
It will be seen from pp. 475 and 478 that this part of 
the inquiry early occupied my attention, so far as the 
construction of instruments was concerned. I had, how- 
ever, postponed this branch of the research, and I am glad 
Mr. Hastings has taken it up. 



F..rv ~ * nght»aiiffie tmun an which the imajfrG of th« limb fall*: £ right angle prism 
wtiRn receive* a tight from *1 ; 4* vht ihrmigh which centre of »un observed ; a ><: re w to 
anjuM width of »iii : * *crcw to adjust d stance of <t from according to the semtdiameter 
of tolar image employed, 

In addition to the instrument figured at p. 475, which 
was also early suggested by Zbllncr, I have had another 



Fn;. f 5*> ~ Path of the fay 

slit prepared, which I find so convenient, cither for com- 
paring centre and limb, or observing the prominences 
without moving the telescope cither R.A. or Declination, 
that I give a drawing of it here. 
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Mr. Hastings’ method of obtaining the same result is 
thus stated by himself : — 

“ I have constructed a small prism with four polished sides, its bases 
being parallelograms. This is so placed that one face rests upon the 
slit-plate of the teiespectroscope, and has its acute edge perpendicular 
to the slit at its middle point. The instrument may then be directed 
so that the linage of the sun falls with its centre" on the uncovered 
portion of thrffc jStlit, while the light which forms the edge of the sun. 
falling perpendicularly upon the first surface of the prism, suffers two 
interior total ffeilectlons and a displacement depending upon the form 
of the prism. A glance at the figure, in which s s' is the slit, L L' the 
diameter of the sun's image, and P the prism, shows that no light 
from the covered part of the slit will reach the collimating lens except 
that which has been reflected from the two sides of the prism. The 
relation of the acute angle (?') and the distance between the reflecting 
sides (/) to the focal length of the great telescope (F) and the width of 
the spectrum (a) is given by the formula, 

2/ sin v ss F tan i6' - a. 

The sides of the prism not fixed by the equation admit of considerable 
latitude, but should be made to approach the lower limit in order that 
the planes of the direct and transmitted images may be as little sepa- 
rated as possible. Of course / and v should be so proportioned that 
the reflections may be total. 

When the instrument is properly directed and in adjustment, we see 
a very narrow black line dividing tfie spectrum longitudinally into two 
parts of widely different intensity ; the fainter, belonging to the limb 
of the sun, is marked on its edge by the bright chromosphere lines. 



FV,. 160 - Mr Hatting*. arrangement for comparison of spectra. 


** 1^ the apparatus described, two similar prisms were also placed 
over the slit m a symmetrical position. The spectra of two opposite 
edges of the sun were thus brought together, and the change in ref tan- 
gibility due to the sun’s rotation was very clearly shown." 1 


1 Nature, May 22, 1873. 
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‘The Methods of Viewing the Forms of the 
Prominences. 

noth n. The following extracts will serve to place before the reader 
the history of the method now almost universally in use for 
making observations of the forms of the solar protuber- 
ances. 

In my first paper (see p. 441) I gave some drawings 
procured by causing the slit to pass slowly over the 
prominence. By this means a number of sections of 
varying length was obtained, which, placed side by side, 
gave an idea of its shape. The slit then used was ex- 
tremely narrow, and was radial to the sun's limb. It was 
obvious that in this way the true shape of the prominence 
could not be seen unless the slit were moved with sufficient 
rapidity to allow of persistent images. At the very out- 
set Janssen and myself attempted to accomplish this, 
Janssen by giving a rotatory motion to a direct vision 
spectroscope, I by giving an oscillating motion to the slit, 
in which I was followed by Young, who afterwards ex- 
panded it 


“It occurred to me in connection with a suggestion of Professor 
Morton, that by interposing at the focus of the eyc-picce a diaphragm 
which should move with the vibrating slit, the light of the neighbour- 
ing portions of the spectrum might be cut off ami this dilution avoided. 
Mr. Clark has devised and constructed a very beautiful mechanical 
arrangement by which this simultaneous and accordant motion of slit 
and diaphragm is effected by the rotation of the small fly-wheel shown 
in Fig. 6t (p. 167). 

“ But I nnd that, although seen in this way, the prominences appear 
very bright ; yet the working of the apparatus always causes a slight 
oscillation of the equatorial, which interferes with the definition ot 
details. 

• * * * * * 


“ But, although I do not use the vibration of the slit and diaphragm, 
I find the mobility of the slit so convenient as to be practically ,nf1 !^' 
pensablc. In examining the spectrum of a group of sun-spots, ^ 
instance, it is very much easier to move the slit to the particular P 


» See p. 483. 
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we wish to observe, than to move the solar image by the tangent screws* 
of the equatorial.”* 

To Zollner belongs the credit of having first indicated 
the open slit method now generally adopted. 

This physicist, in a paper communicated to the Royal 
Saxon Academy of Sciences on February 6th, 1869,* makes 
the following remarks on the method of seeing the promi- 
nences without an eclipse. 8 

“ With a moveable slit, the brightness would be 

diminished in proportion to the distance travelled over by the slit. 
Especially in the rotating spectroscope the brightness of the protuber- 
ance itself would decrease from the centre of rotation to the edge, and 
thus prevent the observation of the natural brightness of its parts. 

“ For this reason l intend to employ another very simple arrange- 
ment. I have convinced myself of its practicability by the experi- 
ments on terrestrial sources of light described below. 1 2 3 4 

“ The principles upon which it is based are as follows : — 

“ I. The apparent brightness (lustre, claritas visa) of a protuberance 
is independent of the opening of the slit, provided that it retains an 
appreciable breadth on the retina. 

“2. The brightness of the superposed spectrum increases in propor- 
tion to the width of the slit. 

“3. In oscillating or rotating slits the brightness of the superposed 
spectrum remains unchanged, while that of the image of the protu- 
berance, produced by the permanence of the light, decreases according 
to another law, depending on the number and duration of the impres- 
sions on the retina, and on the refrangibility of the observed band of 
the protuberance. 

“ If, for simplicity, we suppose that the whole surface over which the 
slit travels in its rotation or oscillation is filled with the protuberance, 
and that the intensity of the produced secondary image is in inverse 
ratio to that surface (corresponding to a uniform diffusion of the light 
over that surface through a stationary slit), then the relation of the in- 
tensity of the background to that of the protuberance would remain the 
same whether we first decrease the brightness of the protuberance by 
means of oscillation of the slit, and thereby leave the brightness of 
the superposed spectrum or background (according to 2) unchanged, 

1 Nature^ Oecemoer 8th, 1870. Extracted from the Journal of the 
Franklin Institute . 

2 Published in No. 1772 of the Astronamischc Nackrichtcn, Sept 
I 5lh, 1 860. 

3 lhc translation quoted is by Professor Mayer, and appeared in the 
J^>;n«l of the Franklin Institute , vol. Iwxviii p. 410 et seq. 

These consisted in making the images of a petroleum lamp flame 
a ?n , lat a s P* r *t bmp, the latter coloured with a salt, coincide on a 
jetiector, and then observing and separating the combined images by 
Kaus of the arrangement proposed. 
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notk n. or secondly, open the stationary slit so widely that the opening extends 
over the space travelled over by the oscillation of the slit in the first 
case. By this means (according to 1) the apparent brightness of the 
protuberance remains unchanged, while that of the Background is 
increased in the same ratio in which it was diminished before with a 
constant background. 

44 If these suppositions are correct* the end in view can be much more 
easily obtained in the second way, if we take care not to admit the 
intense light of the body of the sun into the slit. 

M It is only necessary to open the slit so far that the protuberance, or 
a portion of it, appears in the opening. By polarizing or absorbing 
media, placed before the eye-piece, thelight in the whole field of view 
can be so diminished that the proper relation of intensity between the 
protuberance and the superposed spectrum may be obtained.*’ 

On the 16th of the same month in which Zollner com- 
municated his ideas to the Saxon Academy Mr. Huggins 
sent a paper to the Royal Society of London, in which he 
announces a method of observing the forms by means of 
a combination of an open slit and of ruby glass. 1 

“ A spectroscope was used ; a narrow slit was inserted after the 
train of prisms before the object-glass of the little telescope. This 
slit limited the light entering the telescope to that of the refra le- 
gibility of the part of the spectrum immediately about the bright line 
coincident with C 

“ The slit of the spectroscope was then widened sufficiently to admit 
the form of the prominence being seen. The spectrum then became 
so impure that the prominence could not be distinguished. 

u A great part of the light of the refrangibilities removed far from 
that of C was then absorbed by a piece of deep ruby glass ; the 
prominence was then distinctly perceived ..... A more detailed 
account is not now given, as I think I shall be able to modify the 
method so as to make the outline of these objects more easily visible. 

On the 29th I heard of this paper of Mr. Huggins, and 
it at once struck me that the absorptive media employed 
by him were useless, which is still my opinion, and I 
communicated this to the Royal Society on the 4th of 
March (see p. 482), proposing to use merely an open slit 

On the publication of Mr. Huggins* paper it was seen 
that his proposed arrangement set all optical principles at 
defiance, but I did not point this out until the publication 
by him, as notes to a translation of Dr. Schellens work 
on Spectrum Analysis, first, a statement that the de- 
scription given in the Proceedings of the Royal Society was 
Pcoc. R.S. t vol, xvii. p, 302, 
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erroneous {why had it not been corrected ?], and secondly, note d. 
that the method employed by him was identical with the 
one employed by Zdllner and myself! 1 

Since this time Mr. Huggins has corrected his paper, 2 
and I print the correction in a foot-note 3 that its value may 
be estimated, and that he may have the benefit of it so far 
as this work is concerned. 4 

In May 1869 Captain Herschel suggested the use of a 
prism of red glass * without a slit, and used the open slit 
method with success. 

Whether the narrow or wide slit be used, it is impor- 
tant that the image should be enlarged by the spectro- 
scope lenses and not by the object-glass of the telescope 
employed to throw the image on to the slit. This is 
accomplished by having the observing telescope longer 
than the collimator (see Fig. 85, and Zdllner, translated 


1 “Schelten,” pp. 423 and 425. 

* Proc. R.S., vol. xxi. p. 127. 

3 “ When editing the English translation of Schellen’s * Spectrum 
Analysis/ 1 discovered that the short account of the method of view- 
ing the forms of the solar prominences by means of a wide slit, which 
I had the honour of presenting to the Royal Society on February 16, 
1869,* does not agree exactly in one respect with the account of the 
observations of February 13 as it was entered at the time in my Obser- 
vatory-book. The short note was written at the suggestion of a friend 
during a Committee held in the Royal Society’s apartments, and, as 
the concluding words show, was intended to be followed by a more 
detailed account of the method of observation. The point in question 
relates to the position of a second slit which was used to screen the 
eye from every part of the spectrum except that under observation. 
I he words in my book written at the time are 4 narrow slit found to 
be best at focus of little telescope with positive eyepiece.* In the note 
the second slit was stated to have been placet! before the object-glass 
of the little telescope. Such an arrangement was tried in connection 
with some other experiments in progress at the time. The plan of 
limiting the field of view to the part of the spectrum corresponding to 
the refrangibility of the light of the prominence, as well as tbeemploy- 
m , cm of a ruby glass, is of value when the air is not favourable, or 

4° 'In 1 s P cctr t>scope of small dispersive power is used.” 
the remarks of mine which called forth the correction will be 
ound m The Academy. voL iii. p, 29a 
l'roc, A».V. , vol. xvil p. 508. 


* Proc. R.S. vol. xiii. p. 30’. 
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by Meyer, Journal Franklin Institute, vol. 88, p. 415, 
and Young, Journal of the Franklin Institute, No. 550, 
p. 348, Nov. 1871). 

In addition to the methods above described, which all 
depend upon the use of the spectroscope in its ordinary 
form, others have been proposed. One method consists 
in placing a prismof small angle before the object-glass 
of die telescope, another in cutting the curves of an'object- 
glass on the faces of a prism, another in placing a direct 
vision prism m front of the slit. 

By means of these arrangements the slit of the spectro- 
scope, situated in its ordinary position, could be immersed 
in light of any required refrangibility, the dispersion being 
increased to a large extent. In the case of eclipses it is 
of course possible to entirely do away with the slit, as 
the dark moon covers the sun's disc, while the corona is 
thus practically its own slit. 

During the present year (1873), Mr. Seabroke and 
myself have communicated a method to the Royal Society 
which enables us to observe the whole of the chromosphere 
at once by means of a ring-slit : — 1 

“The observations made by slitless spectroscopes during the eclipse 
of Dec. 11, 1871, led one of us early this year to the conclusion 
that the most convenient and labour-saving contrivance for the daily 
observation of the chromosphere would be to photograph daily the 
image of a ring-slit, which should be coincident with an image of the 
chromosphere itself. 



f (C. 163.— Diaphragm Showing annulus, the breadth of which may be varied to suit the 

state of the air. 

« saro ® Idea has since occurred to the other. 
l> , if v ^erefore beg leave to send in a joint communication to the 
VOya I Socict y on the subject, showing the manner in which this kind 

1 Proe. R.S., vol. xxi. p. 105. Read Nov. 6, 1872. 
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of observation can be carried out, remarking that, although the method 
still requires some instrumental details which will make its working 
more perfect, images of the chromosphere, almost in its entirety, have 
already been seen on several days during the present month and the 
latter part of last month. 

“ The adaptation of this method to a telespectroscope w ill be seen at 
a glance from the accompanying drawing. 



IV. 1^4. —The anuutuft » viewed xml brought t<i .foots by looking through apertures m the 
side of the mks. A. Sliding eye-tube of telescope. H, Tube screwing into eye^tule. (J. 
Tube silling invide R, #**d carrying lew* D and diaphragm E P, Lenses bringing ima^e 
of diaphragm to a foot* at the place generally occupied by the *Ut of the specm<»>.pe 
G. Collimator of spectroscope, 

" The image of the sun is brought to focus on a diaphragm having a 
circular disc of brass (in the centre) of the same size as the sun’s 
image* so that the suns light is obstructed and the chromospheric light 
is allowed to pass. The chromosphere is afterwards brought to a 
focus again at the position usually occupied by the slit of the spectro- 
scope ; and in the eyepiece is seen the chromosphere in circles corre- 
sponding to the li C ” or other lines. The lens l > is used to reduce the 
si/e of the suns image* and keep it of the same si/e as the diaphragm 
at different times of the year ; and the lenses F are used in order to 
reduce the size of the annulus of light to about J inch, so that the 
pencils of light from cither side of the annulus may not be too 
divergent to pass through the prisms at the same time, and that the 
image of the whole annulus may be seen at onre. There are mechani- 
c'll difficulties in producing a perfect annulus of the required size, so 
one an iinch in diameter is used, and can be reduced virtually to any 
size at pleasure. 

** The proposed photographic arrangements are as follows : 

“ A large Stcinhetl spectroscope is used* its usual slit being replaced 
by the ring one. 

44 A solar beam is throw n along the axis of the collimator by a hcho- 
stat, and the sun's image is brought to focus on the ring-slit by a 31- 
inch object-glass, the solar image being made to fit the slit by a suit- 
able lens. 

“ By this method the image of the chromosphere received on the 
photographic plate can be obtained of a convenient size, as a telescope 
of any dimensions may be used for focusing the parallel beam w nu n 
passes through the prisms on to the plate. . , 

“ The size of the image of the chromosphere obtained by the metnu 
adopted will be seen from the accompanying photograph, taken ^nc 
the ring-slit was illuminated with the vapours of copper and . c 

“As this photograph is not reproduced, if may be stated that 
ring images have an internal diameter of nearly } of an inch. 
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The accompany mg solar profiles are copies of drawings made on note p. 
the dates stated, by means of the new method, which were exhibited — 

by the authors at the meeting 


pectrober 6,' «#/», at ii.30. December ?, 187*, at u.jo. 



Ki<; 165.- Outer circle roo*t rom inner one Chromosphere at normal height, except 
where prominences marked. 


{Since reading the above paper, it has come to our knowledge that 
Zollncr had conceived the same idea unknown to us, but had rejected 
it. Professor Winlock, in America, has tried a similar arrangement, 
but without success. --J. N. L., G. M. S., January 17, 1873.] 

NOTE E. 

Structure, Heicijt, and Composition of the 
Chromosphere.* 

I add a note, and drawings of the edge of the chromo- 
sphere, entered, in my Observatory-book on March 13, note k. 
1 X09 : — 



Yesterday 1 watched the chromosphere by placing the slit at a 
• "gent, and to-day got rather a different result: Yesterday I got a 

V. 483. 
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billowy look. To-day, however, it was exactly like the edge of very 
Rigged clouds." * - 



The following are Professor Respighi’s observations on 
this point, which entirely endorse my description at the 
page quoted 


“In my Note I IT. at page 10 , I said : ‘The red stratum, or atmo- 
sphere of incandescent hydrogen, which envelopes the solar body, 
While appearing at its base to be regularly terminated in a circular 
arch, at the summit presents an irregular aspect, that is, at times 
terminating in points, or filaments either vertical or inclined, at times 
rounded like cloudy mounds, and finally undulating like mountain 
ranges. But very seldom (and this in the locality of the spots) it 
presents the appearance of long, regular strokes, even to the summit, 
resembling a bright circular arch. 

“‘The height of this stratum varies, but generally it does not ex- 
ceed 12". Its brilliancy also is variable in different parts of the solar 
outline, and at different times, and is generally greatest in the locality 
of the spots.” 

“* The height of this stratum is variable in the several 

parts of the solar circumference, and generally seems higher in the 
vicinity of the poles than at the equator, and on rare occasions it is 
found to be very low near the large groups of protuberances.'” 

On this point Seccbi’s statements are as follows : — 

“ Eilc se pr&cnte sous quatre aspects bien tranches, 

“ (a) Le premier aspect cst celui dune couche nettement tormina- 
comine serait la surface fibre d’un liquidc. Son dclat tranche parfaite- 
ment it 1’exuirieur avec Fespace sombre environnant ; on remarque 
scolemeBt one foible tfirainution d’intensite pr&s du bord exterieur. 

“.(#) Gt ';naireraent, la chromosphere est gamie de petits filament* 
sembtabk* k despoils briilants, a trig At dans un mime sens, plus ou 
moms inclines. Cate structure s*obscrve. surtout entre les latitudes 
moyennes et les pdles. L’entrafncment des filets n’est par toujour 
dirigd dans Ie sens des cou rants sup&ieers, qui tranaportent les pro- 
tuberances, mats cela arrive ttes-souvent. 

“ (r) Quelquefois, surtout dans les Regions des faculcs, la surface cst 
diffuse (tfumaia), de maniire qu’il est difficile de dire oh clle s arretex 

“(</) Enfin, Ie plus ordinairement, la chromosphere cst tormina 
irteguliimnent et gamut de petits appendices coniques irrcgimei *. 
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ou de petite* flammes dingoes en tous sens. Ce sont des protuberances mote e. 

rudimentaires, plus frdquentes dans les points du pdrimistre solaire ou - 

se presdntent les granulations ou marbrures de fa surface; de sortc 
qu’u paratt exister une ddpendance entre cct dtat de la chromosphere 
et les granulations. » 

“ On pourrait distinguer ces quatre aspects de la chromosphere par 
les norns de plate, vetue, diffuse (sfumata) ct flamboyante." * 


NOTE F. 

Prominences on the Sun. 4 

I was at first under the impression that it was not note v. 
probable that prominences would be seen on the sun itself 
(p. 479), and so was Father Secchi ( Comptes Rendus, vol. 
lxviii. p. 237). We were, however, both mistaken. 

My first observation of these was made on the nth of 
April, 1869. Secchi’s letter to the Paris Academy announc- 
ing the same appearance is dated the 13th, so that the 
observations must have been nearly simultaneous. 

Father Secchi’s first observations are thus recorded : — 

“ Maisce qui faisait un Strange contrastc avec cet aspect gdndral de 
toutes les raies, c'dtait la raie C de rhydrogdne, qui s’effa^ait com- 
plement presque partout, et surtout dans les pdnombres. 

“J’ai mis la fente de rinstrument perpendicuiaire au pont qui 
iraversait la tache, et alors j'ai vu trois espdccs de spectres bien 
tranches dans le meme champ de vision : i° le spectre solaire 
ordinaire, 2° cclul des laches avec les lignes noircs et les bandes 
rcnfoncdcs ; 3 0 les raies de lTiydrogdne, disparues presque partout 
sur la p< 5 nombre, rnais dcvertucs brillanUs sur le pont et sur la partie • 
des noyaux la plus voisine de lui. Je ne saurais expliquer cet t ensemble 
de phdnom&ncs par de simples changements d’imensitds : il y a 
evidemment ici une absorption tr£s-puissantc, et un renversement de 
raies, qui s’eifectue manifestement aux points correspondants aux voiles 
rouges existant dans I’intdrieur des noyaux. On a voulu, il est vrai, 
attnbuer it une illusion* d’optique ces voiles roses, mais il faudrait dune 
bien mauvais observateur pour s’y mdprendre ; leur aspect contoured, 
en filets trds-minces et entrelacds*, suffit pour les distinguer desfranges 
dues & l’aberration chromatique, ct en faire reconnaitre la rdalitd. Ces 
voiles ne sont done autre chose que les protuberances rouges, comine 
je I'avais d< 5 jit dit ; aujonrd'hui nous avon$ en outre demonstration 
“recto du renversement du spectre. " * 

1 Comptes Rendus , vol. lxxiii. p. 827, October, 1871. 

! See p. 488. r 

C. R. f vol. lxviii. p. 960, 26th April, 1869. 
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notk f. The reference is to the former part of the same paper, 
where Secchi describes the appearance of the spot, in which 
these phenomena were observed, as seen by means of a 
polarizing eye-piece. H e observes, " L’int&rieur des noy aux 
etait plein de voiles roses contourn&s et enchevdtres dc 
toutes mani&res ” (p. 960). 

Aga i n : — 

“ A 6 hcurcs la raie C est trfcs-forte partout sur le disque solaire, 
mais elle disparait complement dans le voisinage du noyau, sur Its 
ptfnombres.”* 

Captain Hersehel observed the bright lines of hydrogen 
on the sun’s disc as early as June 10th, 1869.* 

In a communication to the Franklin Institute, dated 
October 3, 1S70, Professor Young states * that in a group of 
spots then visible, the C and I r lines were frequently- 
reversed. His account runs as follows: — 

“ At 4.05 p.m. the brilliance of the F line increased so greatly that 
it occurred to me to widen the slit, and to my great delight 1 saw upon 
the disc of the sun itself a brilliant cloud, in all its structure and 
detail identical with the protuberances around the limb. Indeed, 
there were two of them, and there was no difficulty in tracing out and 



Fig. t 6 $, —The prominent* *t 4 0$. 


delineating their form. Fig. 168 represents them as they were from 
4.05 to 4. to ; Fig. 169 gives the form at 4.15-20. They were then con- 
siderably fainter than at first During the intervening ten minutes 
examined the other lines of the spectrum, and found that the >« 
could be distinctly made out in all the hydrogen lines, even ,n " : , 
that the reversal of the othcr lines, including 1)» was confined t _ 
region immediately oyer the spot-nucleus, where the smaller but m »k 

* Comptn ftenthrs, vol. Ixviii. p. 1089, toth May, 1869. 

* Prat. R.S., vat xviii, p. 64. 

* Xaturr.v ol. i§. p. 113. 
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cloud terminated abruptly ; or, I might better say, originated . The 
larger one faded out at both ends. When the clockwork of the equa- 
torial was stopped, the lujninous cloud took 167 seconds of time to 
traverse the sltt which was placed parallel to the hour-circle. This 
indicates a length of at least 1 30,000 miles, without allowing anything 
for the foreshortening resulting from the nearness of the sun’s limb. 




Fit;. 169- —The prominence at 4.10. 

“ 1 may add that in the telescope this group of spots, from 

their first appearance, exhibited a strong yellowish tinge, which ap- 
peared to over-lie all the central portion of the cluster. So conspicuous 
was it, that several persons, unaccustomed to astronomical observation, 
noticed it at once before 1 called their attention to it. The penumbra 
of the group was unusually faint.” 

M. Rayet makes the following statement with regard to 
this subject : — 

‘ 4 Mardi dernier, 12 Avrii, 1870, en examinant au spectroscope la 
lumi£re dime immense tache, centre dun groupe tres-dtendu, stnu 5 
clans la region sud-ouest du disquesolairc, j r ai vu la ligne C se renverscr 
et devenir lumineuse dans la portion r^pondant au noyau. 

. 44 Je ne connats qu’unc seule observation analogue : celle faite par Je 

R. P. Secchi, le 12 Avrii, 1869, et mentionnde en detail dans les 
Comptes Rend us du 6 Septcmbrc, 1869. 

“ Les circonstances quo rendent possible le renversement des raies 
dans une tache sont done peu fr&juentes.” 1 


NOTE G. 

Changes of Wave-length. 

In no part of recent solar research (except in that re- 
lating to spots) has such disagreement occurred, both as to 
acts and the interpretation of them, asm relation to the 

1 Comptes Rendu s % vol. Txx. p. 846, 1870. 
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notk o. changes in position of the lines described by me imme- 
diately after the discovery of the new method, and ascribed, 
on the ground of the selective nature of the phenomena , 
to the approach or retreat of the vapours to which the 
particular lines in question are due, * 

Professor Respighi, whom I shall first quote, admitted 
from the first the reality of the phenomena, but objected 
to the explanation of them ; — . 

" Admitting that the refrangibility of the various luminous rays 
depends upon the length of the wave, as deduced by Fireau, Billet, 
and others, then if the source moves rapidly towards the observer,’ 
the length of the wave is lessened, and the rdNiigtbility increased ; 
on the other • hand, it the source of light moves rapidly from the 
observer, the refrangibility must be diminished, because the waves 
are lengthened. 

44 The observations of the protuberances incontestably show that in 
some jets the hydrogen escapes from the sun with frightful velocity, at 
times not less than 500, 600, and even 700 kilometres a second ; 
and I myself have often observ ed this extraordinary velocity, especially 
in the jets near to the dark spots. As these jets are turned in all 
directions, it may therefore occasionally happen that on the solar cir- 
cumference also there are similar jets found, either directed towards 
us, or in an opposite direction. 

44 These phenomena, announced by Lockyer, Secchi, and others, were 
often observed by me, in every case in the jets near the locality of 
spots. 

14 Portions of the chromosphere near spots are often observed to be 
peculiarly bright, and from them intensely bright and more or less 
violent jets are seen to arise. On placing the slit tangential to the 
limb, I have often observed at these points very' sensible enlargements 
of the lines, especially of C, to which I have generally directed my * 
attention. The line C was also occasionally seen to be irregular, 
being displaced towards the red or the violet, with a more or less 
sensible undulation. 

44 After the development of the jets, on bringing the slit upon them, 
in parts (and this near to their base), the brightest streaks included 
by the slit, instead of appearing as lines, were presented occasionally 
in the form of lines broken at angles more or less obtuse. This 
appearance, however, comes out in a much less marked manner 
when the slit is narrowed ; since then, those bright streaks were pre- 
sented each time nearer to a general alignment with C„ With the slit 
widened, it is often found that the line C of the red stratum, or of the 

f protuberances, does not coincide exactly with the corresponding black 
ine of the solar spectrum. Such phenomena are also observed in the 
case of F, and often on a larger scale. In the spectrum of the several 
parts of the solar disc, especially in the vicinity of the spots, * have 
often observed" new formations and local enlargements of the dark nn - 
C while in other tracts the line itself appeared remarkably lessener. 
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refined, or blended, and occasionally totally invisible, or transformed NOTE g 

into a bright line. In these circumstance the line C, losing its ~ 

ordinary regularity of form, offered the aspect of an irregular line, 
more or less sensibly distorted. Arranging the slit perpendicularly to 
the solar outline in coincidence with the most intense jets, I have often 
observe# the bright line Cnoticeably widened at the base of the jets, 
and ndt efcactij# coincident with the corresponding black line of 
the solar spectrum, and the streaks of jets comprised by the slit, 
arranged irregularly in relation to the same line, or not exactly coincid- 
ing with it ; .but even in this case, the irregularities diminish with the 
narrowing of the slit. 

u Seeking the explanation of these phenomena, I have not considered 
it necessary to have recourse to the changes of refrangibility produced 
by the approach or the recession of the masses of hydrogen, in con- 
formity with the principles above alluded to ; but I have found, on the 
other hand, that at ieast the greater part of them could have been pro- 
duced by other causes— namely, by the strong intensity of the light of the 
jets; by the influence of the opening of the slit; by the inexact accom- 
modation of the slit plate to the focal distance of the instrument; from 
the state of agitation of the atmosphere, or from scintillation ; and, 
finally, by the position of the eye in relation to the diaphragm, or to 
the axis of the cye-piccc. 

“ The points, or bright streaks, which are present on the red stratum 
in proximity to the spots, and by which more or less gigantic jets are 
generally developed, are so brilliant, that they sometimes resemble 
images of the stars, and produce, on the outlines of the slit, bands 
of irradiation and of diffraction, through which the spectral lines 
appear more or less irregularly w idened. 

“ When very fine and bright jets are to be seen, the irradiation and 
the diffraction, apparently lengthening their images, give to them the 
appearance of bright, irregular streaks, more or less inclined to the 
normal direction of the respective spectral lines. These appearances 
become very marked when the eyc-piece is not exactly accommodated 
to the distance of distinct vision, and when the opening of the slit is , 
not very small. 

“When the slit is not very narrow*, the atmospheric spectrum 
becomes diffuse, and on the dark rone corresponding to the black lines 
C and F, a line or black streak is obtained in a more marked way, 
which does not correspond to the central line of the slit ; and therefore 
the bright lines of tne chromosphere or of the protuberances not 
coming out symmetrically in relation to that false spectral dark line, 
appear to us more or less sensibly displaced from their normal 
position. 

“ if the eye-piece is looked through very obliquely to its axis, the 
very bright lines become easily diffused or doubled, in a way which 
seems as if, besides the normal spectral line, there must be a second 
oneofgreater or less refrangibility. 

w hen the atmosphere is much agitated, or when the scintillation is 
rather decided, the state of agitation of the bright lines and their 
irregular variations of .intensity contribute to produce in them the 
1 TI? n greater or less irregularity in relation to the spectral lines, 
r mally, it is to be remarked that, to produce the above-mentioned 
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note g. appearances, aa actual widening of the spectra! lines may greativ 
- contribute (on account j^f the very elevated temperature at which we 
fipA the bases of the very luminous and violent jets). 

* The imsgulari presented jp thejincs C and F, in the 

spectmiil erf some ptttt rflhe solar disej^^ia^j^he locality of 
spots, r>« the cnlargtM^ if the thinning 

, and Justly, their bright 

lines, are certainly due tq the influence oTJets ' wt^uberihefe ex- 
isting there. ' ’ ** v . ' ' T - .• V,X v 

14 In the locality of the^Spots, the hyd^eb/j^ee& from the 
% violent and gigantic luaiption&remainX pCcasionafly suspended for a 
long time at a fteat height, becoming Tn vi si ble bc fore returning to the 
sun, and forming ^ipsn 4 ^tlotids of dark hydrogen. These clouds of 
hydrogen, acting then purely as a medium of absorption, may very 
well strengthen and widfn the dark lines C and F in the subjacent 
parts of the photosphere. * * . \ / 

44 On the other hand, if the slit is placed upon a protuberance or a 
very brilliant jet, its brightness may weaken, or destroy, or neutralize 
the dark line ; so that if the jet is stulictently bright and the light of 
the photosphere sufficiently dim, the dark line may become bright— a 
state of things often observed in regions near the spots and in their 
penumbra?. 

“ I do not know whether these explanations may textend to all the phe- 
nomena observed by Lockyer, but I hold that with all methods they 
ought to be remembered before having recourse to a cause so uncertain 
at all times as that of the changes of refrangibility or the displacements 
of the spectral lines produced by the movement of the source of light. 

M The question of the influence of the movement of the source of light 
on the length of the wave certainly is not so easy to decide as it has 
hitherto been thought ; and therefore it is deserving of deeper study 
and discussion before we can accept as true the consequences above 
mentioned, and apply them to the explanation of these particular 
phenomena presented by the protuberances. We must ask for a 
rigorous demonstration of them, or a plausible confirmation, based 
Upon direct and conclusive experiments. 

* 44 This question of optics has a certain analogy with that of the 
propagation of light through a refracting medium in movement ; and 
while the first concerns the possibility of verifying the approach or 
the recession of the stars, and of the masses of incandescent hydro- 
gen carried by the solar eruptions, by means of the changes of refnin- 
gibility, and the corresponding displacements of the spectral lines; 
the second concerns, on the contrary, the possibility of verifying or 
rendering sensible the movement of the refracting media, through 
which we observe the stars, by means of the differences between the 
aberrations corresponding to the various media traversed by luminous 
rays. 

44 In the year 1859, I have shown, by means of suitable experi- 
ments, that" the aberration is indej>cndcnt of the medium through 
which we receive the luminous rays, and that therefore it is impossible 
to explain in this manner the movement of our refracting media, 
the annual motion of translation of the earth, in which they necev 
sarity participate 
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“Those differences of aberration resultedfrotn the hypothesis that 
tlic rays or the luminous wavcs werc propagated thfougfi the medium 
in moticSt, without suffering any influence, a4y «vration, or displace- 
mentof this ipovemeHt, But as it, has demonstrated by experi- 
ment that the different 

methods do^l& fCTP arace, it‘irt»tlt ^D«P«H^ ^ concluded that they 

conditions bf ^htovenlent with which * the 
medium^by wi^Tch they were promotcd^asiqvcsted. 

u Th# - *&' dw>rtcnfi 0 gs tlie luminous tfave, by 

reasotf ot i^twai pr a pprOach of thei source light, arc deduced 
radically from the taftt ^position' froth the U>i|5<>the^is— namely, that 
the mov ement of the source af lig|u f or of thocentfei of vibration, does 
not produces any other alteration in the conditions of the surrounding 
ether ; and^ therefore the suspicion is not exduded, that in this case, 
also, no conditions of compensation can take place through which the 
luminous wave* m, spitb of the movement of its source, may arrive at 
the observer of "its normal length— 7>., that which it would have if the 
source were, in relation to the observer, in the condition of rest, 

“ This question is of the greatest importance* and as it probably may 
not be definitively determined priori— that is, by means of the theory, 
l hope it may come t£rbe resolved a posteriori, by means, that is, of 
experiments more direct and more conclusive than those furnished by 
the solar -eruptions.* 1 

In his fifth note Professor Respighi seems to imply that 
he now admits the changes in the position of the lines as 
being independent of conditions. He writes: — 

‘‘Under these masses, and above some jets emerging from them, 
1 have often observed in the lines C, IX, and F those enlargements 
and displacements brought to light principally by Loekyer and by 
Huggins, and which by them is attributed to changes of ivfrangibility 
due to the velocity or motion of the luminous gas in relation to the 
observer.” 8 

It is therefore impossible to say whether he yet admits 
the explanation which ascribes these phenomena to motion. 

The billowing are Father Seech is observations on the 
subject. It will be seen that lie from the first also admitted 
the facts, but suggested that the cause is the rotation of 
the sun, and not the motion of the gas as an independent 


Respighi, Note iii, § xii. pp. 31 — 37. The references to Respighi’s 
throughout these notes are to his papers entitled ** Sulle osser- 
«V /50n ° s P. ettr °scaipiche del bordo e.dellc Protuberance Safari fattc all’ 
frm^o at0r l° University Romana stil CampcdogUo.*’ Extracted 
» 1e ■ dM ' 1 AV<t// Awademh r dci Lincri. Note v., May 5, iSya. 
Respighi, Note v. § \x, p, 63. 
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visible above thesolar limb 

. Wl y&t. 


ext6ieure an 
plttS rtffi 

O&ait coramesi la raie 
lik ftoirt qu’on voyait d 
. , .“ Nous «ions done cn ft 
refrangibilitd qu’ott if 
projection de la rnati&*ea«l 
“ Mais en rctldciriSxanrbi 
explication. Ki» 



§ *U Ijgnc 
‘ phirt 
pptneux 

extreme. 
^ 9 ?E»^e qt)e la 
><%ttfneur Jte^-d.sobure. 

pfeilcements do 
... . ? I® transport *«t par la force de 
iiinc^e aV|Xr une viewse dnornic. 

. _ t consus del domes sur cettc 
_ ,|«* k i^ieopent observe, qui etait 

au ntoins y \j de la distance q>tre D' et.D'du sodium, ce nuage aurait 
da parcouric au moitis -360 kftomthrejl par?'ftec<V^4e ; or, comine on no 
voyait li attain jet qttt fUtHedUt cettc tnawe, comment imagincr une 
telle vitessc de projection ? Ht, de plus, comment concilier cettc 
hypothese avee la position relativemem h la tnche, qui tftait reside la 
m£me au inoins pendant six heuresr Pour adinettre tout cola, il 
fallait admettre une foule de circonstances tris-rm probables, sinnn 
impossibles, cc que evigeait au inoins un extr&roe reserve. 

** In peu de reflexion m’a raontrd quit n’y avait Ht autre chose qu'une 
consequence ndeessaire de la potation du Soldi. En effet, cctte astro, 
pres de lcquateur, parcourt eft un jour un angle d e S64 minutes, e'est- 
a-dire 36 minutes par heure, ou 36 sccondcs dans une minute de temps, 
cequi fait un arc de o",6 darts une scconde tic temps. Or une scconde 
d’arc soutend sur le soled 716 kilometres, de sorte que 1'cspace 
parcouru par un point equatorial dans une scconde de temps cst 4:9 
kilometres.” 1 

The next step in this question was taken by M. Fizeau, 
who, in a note communicated to the Academy on the 9th of 
May, 1870, pointed out that there were some very serious 
errors in Secchi's note of the 25th April, which he said 
demanded “ unc rectification , taut d cause dc l 'imperial' 1 ' 
de la question, que de l 'auto rite 1 qui s' attache toujours anx 
counnunicqtious de noire eminent corrcspondant .'" 1 

The next we hear of the matter comes from Secchi 
himself in the following letter: — 

“ Rome, ce 7 wai 1870. 

“ Je me hilte de rectifier unc inexactitude qui s’est gliss^e dans 
raa demii-rc communication {Comfites Semins, p. 905, ligne 10 
montant). , , „„„ r 

** II cst dit qu’une scconde d'are sur 1 c Solcil soutend unc lo,1 k 
de 716 kilometres } celaest vrai de la scconde gdocenirique, ou ^ 


'^Comptes Rendu s , vol. Ixx. p. 9051.35th April, 1870. 
* Ibid, vol. cit., p. 1013. 
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C *' '“ je vous |>rte^0nira«r -In po*»iblelcetic rectification daps 

les Com files ReMm; mtmtt u queicp*eaiatre:avaitd^ pelevd cette 
Equivoque.” 1 ■ ^ , ; . g^// : , r , , . ; > 

It will be observedthat it i# n<>lr seated that the true 
motion of two kifomtttres per^ second accounts for the 
smallness of the displacement observed. In Seech i’s first 
communication he had stated, that to produce the observed 
displacement, which was at least ^ 0 th of the distance from 
D' to D", a motion of 300 kilometres per second was re- 
quired. *■ ■. *■ " 

One of his later* statements to the French Academy 
on the question is the following : — 


(it cette rectification days 

qtt® dffiec; sWait dCjk pelevC cette 



“J’ ai vu aussi la dilatation de la raie C en forme de lo/ange telle 
que la decrit cette auteur [myself], ct les distortions des lignes 1 > 3 ct F, 
que je d&irais vivement verifier."* 

In the following quotation it will be perceived that 
he tacitly' admits the justice of my explanation. The 
pamphlet from which it is taken is a reprint of a paper 
read by him before th$ Pontifical Academy Nuovi Lined 
on the 7th of May, 1871. The italics are my own : — 

11 Vedendo la vivacita de’ gette, restrinse la fessura, e trovai che ia 
linea C si mostrava ondulata, il che intlicava una violentk tram lazi one 
della tnassa. Alla basa de* gette si vedevano molte altre righc, c 
spccialmente la rossa a 0*45 di distanza da C verso B. Nel giallo D a 
si aveano dci getti, ma molto piu bassi, e mancava la parte nebulosa. 
era piu viva, e piu alta nel bleu, dove cguagliava alxnento II 
*‘ a *‘ nea v * va F restava tutta intcra dal lato mono refrangible 
uelia nera corrispondentc/ 1 * 


3 Lowfttes Rcttdusy vol. Ixx. p. 1062. 

8 «q \, vo k ,xxil * P* 3o6, March, 1871. M 

ix*,, ^ uI1c Protuberant® solari e Ic Faeokv* Note delm S*€thi f 

pp. 5, 6. 
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■ ■; CHANCES CFM^V^-LENCTH. 

* v'wf .... ' ' ' : T""^ 

double forrofe dehCligirede pydxpgdne et d’une ligne un peu plus NOT , c 
^•frangible ^ bdrd du sakil la figne F de lliydrogl-ne sc — * t 

renverse 4 $' w*!igne du fer devicnt un peu diffuse, en sorte que 
riutervaUe q®& sur la disque 'loMre ;' M rieut distmguer cntre lcs 
deux li#es, s’e&wq. el qnfe F paralt bqrdf d’une baipfde noire du cote 
du violet. -lie cettq^apparaice peut, je crois, naltre ttd<5e dun 
transport.* '-y d ■•£$... , t ;.*§&*.,• Z> 

M. Rayeffffieti |:effecs r tb njy announcements of the 
motion of the hy#*ogejn ntasses'iet the sun (Pros. Roy. Sac. 
vol. xviii. p. 74), ^md«ay $ — » be pa veils observations, lorsqu! 
dies n'otU puftre-vdrifidestn par le R. P. Sccchi, ni par 
moi, peuvent-eiles Hrt admiscs, ou lien y a-t-il dcs motifs 
de les rejeter com me entackees d'enrurs f " - He then pro- 
ceeds to: treat the gaseous masses in motion in the sun by 
BernouHli's Tormula for the flow of a gas into a vacuum 
and from, the calculation obtains the following: — 

“ Vitesse d’lfcoulemeiu de t’bydro^ene dans le vide a la surface du 
soldi. .. ~ '' . ... 

Temj:»< 5 rauir« du glut,,. * \ ;'esvc v>.tr sco.uuie. 

O’ . '.f ; \ . * W 7 metre*. 

1 000 4 V' V- . . .. , 0 .... 17036 „ 

2000 * » * « • * * - 5 ~ 

3000' . ...v;;* 27313 

‘‘Les conditions d'ecowlemcni d’un ga/ a la surface du soled sunt 
certaincincnt d 1 fVtfrc n tes de cd lcs que suppose la tWmuie de Bcrnouiili. 
Neanmoins, les nombies prove denies, plutui t r< q> forts que irop faiblcs, 
car. dans la real it< 5 , les ga*ne s’ccuulem pas dans le vide, donnenu sui- 
vant unc remarque de M. Wolf, une idee de la grandeur des vitcsscs 
avec quel les les g;u peuvcbfcse mouvoir dans le Soldi, et gn voit qu’ii 
est difficile, impossible m&me, que cette vitesse depasse 30 kilometres 
par seconde/* - < 

* 4- ' 

The extreme rates observed by me on the sun are about 
1 63 kilometres per second. Young has seen greater velo- 
cities. 

M. Rayet then proceeds to discuss the construction of 

wy spectroscope - 

11 resulte dvidemment de cette construction que, pour regarder IHitoe . - 
I n -nitre c\trdnitt 5 du spectre, il faut placer U\ lunette ohUquemem par 
I V- T * 1 1 il direction des rayons lumineux dont on chercbe nsnage ; or 
li X J Hr, ^ n V e journaliftre m’a prouvtf que dans ces conditions de 
r ->r ir, < vision, le moindre defaut dans Fohjcctif ou dans 

Un tV !, rc tnu htisait par un duplication dcs lignes bri llantes ots^ psur 
istortion de ccs lignes. Ccs pMnomencs singulters dispaaraissaieb| r 
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note g. d’ailleurs trouvai* ^ les conditions 

normalcs, ••-^ ;: ' N ' V •. ., , ‘ ^ . 

* La fcnte don| lesifcvrcs, loin dwre les intersections do deux plans 
sont souvent deuxsOrfeces cyiindriques, pent aussi intervemr par 
doubles reflexions dans la duplication m 1c deplacement de# raies. 

4 * Enfln n'ea&ce pa* faircunabusdes prismes ^u^Wetnployer 
sept prismes, plus tin ^psme direct forme de cinq prismes altemcs > 
cst-tl possible <ju$ ces-Vlngt quatre Surfaces soientassez mathdmati- 
quement plants pour n'introdutti^danO^ vision du spectre aucun 
trouble? Je ne le crois vraiment pas. 

4 ‘ CVst du restc l opinion du R. P. Secchi que nombre des par- 
lieulurftiSs vucs par M^Lockver seul peuvent fine des erreurs d’ 
observation* V oid comment sVxprime a ce sujjet le savant directeur 
de FObscrvatoire du College Romain :-AH;pOurn* bien scfairc que tous 
ces mouvements et ces changcmcnts de rtffrangibilitfi des raies, que 
M. Lockyer dit avoir observes, fussent des illusions* Fai vu fr^quem- 
ment des mouvements scmblahlea se traduisant quelquefots par une 
duplication de la raie% mais je les ai attrihufis h ragitation de notre 
atmosphere ct h la chalcur solaire agissant sur la fente, qui peut bien 
produire des deviations accident el les des rayons. Ordinairement ces 
phtfnam&nes disparaissent en mettant bien au foyer Fappareii.” 1 

The following arc among Professor You ng> observations 
as early as 1869 on the distortions and displacements of 
the various solar lines : — * 

“While examining the spectrum of a large group of spots near the 
sun’s western limb on 4th September, 1869), my attention was 


A A e f' A 



171.— ‘Vtrtwvg'* first observation* aU*raltot»* of wave- length. 

drawn to a peculiar double knobbimss of the F line (on the buns 
disc, not at the edge), represented by Fig. 17 a i at thc P 0,nt * 

* “Meoioire sur ies raies brillantes du spectre de I’atmosphfire sohirc 
et sur la constitution physique du Soled," pp. 36- 3 1.— Thesis read 
the Scientific faculty of the University of Paris, 1871. , 0 

*ffoumal of the Franklin Institute, t869, No. $26, p. 287. Sc 
No. 528, p. 417. 
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In a* very few mom^t%^ 4 )rilIiaftt «pot replaced the knobs, not merely 
interrupting and the darkdine, bu| blazing like a star near 

the horizon, only with blue insipid of red light ; it remained for 
about two minutes, disappearing, tpfortanately, wfetle t was examining 
the surfs' image upon the graduated screen at the slit, in order to fix 
its position; which was at— 82^ about 43* from the edge of thelimb, 
about 1 5" inside of the inner edge of the spot-cluster. 1 do not know, 
therefore, whether it disappeared instantaneously or gradually, but 
presume the latter. Fig^jyi, ^attempts to give an idea of the appear- 
ance. When 1 retuiiiedcto theeye-ptece, 1 saw what is represented at 
Fig. 17 1, "rand r\ On me tipper (more refrangible) edge of F, there 
seemed to hang f nttle blade mote, making a barb, whose point 
reached nearly to thO faint iron line, just above F. As given on 
Angstrom's atlas, the wave-length of F is 486*07, while that of the iron 
line referred to 4s 485*92 (the units being millionths of a millimetre). 
This shows «*n absolute change of 0*1 5 in the waye-lengtb, or a fraction 
of its whole amount, represented by the decimal 00030, and would 
indicate an advancing velocity of about 55*5 miles per second in the 
massof hydrogen whose absorption produced this barbed displacement. 

“The barb continued visible for about five minutes, gradually resolv- 
ing itself into three small lumps, one on the upper and two on the 
lower line, Fig. 171,1/. I iv about ten minutes more, the v line resumed 
its usual appearance. I did not examine the e line, as 1 did not wish to 
disturb the adjustments, and risk losing some of the curious changes 
going on under my eve. 

“After the close of thii strange phenomenon, 1 examined, with our 
large telescope of 6-inches aperture, the neighbourhood in which this 
took place, and found a very small spot exceedingly close to, if not 
actually at, the place. This was at 2*45. At 5*30 it had grown 
considerably.’* 

Not only have we an observation of a change of wave- 
length, but Professor Young s first glimpse of bright lines 
on the sun’s disc 

A year later we have further evidence in tlys direction 
from the same observer : — 

“ Several spots have been carefully examined at different times : most 
of them, in their spectra, gave evidence of unusual disturbances ; 
but by far the most interesting phenomena were exhibited by a large 
group which was first observed near the E. limb on September 19th, 
‘Mr ^ an £ cs °f wave-length were frequent in its neighbourhood. 
r .. * l &s. 172 and 173 represent the appearances assumed by the F and 
lines respectively, at the times indicated below each figure, during an 
nervation on the afternoon of September 22nd, 1870. The point 
mesc changes of wave-length occurred was the western edge 
the penumbra. At other times similar changes were observed, but 
not so great or rapidly varying.” 1 


°f Franklin Institutes and Nature, vol. iiu p* I t 2. 
als ° J°*rnal*f tM Franklin Institute, No. $35, p. 65, July, 1870. 
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note g. In the following extract Professor Young also notices 
the selective nature of these motions. He points out that 



b x (■& nickel line), undergoes tlieSfc changes, while b x b v and 
fi t (magnesium lines), are at rest 


“The C and V lines were reversed in some portion or other of the 
group nearly every time l observed it. .On September 22ml, 1870, the 
unit u m Inurs were both reversed for several hours, while 1 ^appeared as a 
dark shade. On September 28th, again, at 4 t* M., the southern nucleus 
of the group which at thi> time contained four large umbra?* besides 
many small ones reversed all of the following lines, viz.: C ; D 1 ; I),, ; 
i> 1474 : <*, : f > : : * * ; /» , ; V ; 2796 ; and k. All of these were con- 
tpt\’uau.\* except 1474 ; !>, and especially so* and the latter (a nie kcl 
line showed considerable changes of wave length* alternate increase 
and diminution, which were n**t shared by its magnesium neighbours, 
/>!, 6 $ and £> v " i 

Professor Young finally states that on Mount Sherman 

** Many more or h +6 remarkable solar eruptions were observed, 
•though none on quite so magnificent a scale as some before recorded. 
Un several occasion* velocities of from 150 to 200 miles per second in 
the ejected matter were observed by meins, of the displacement and 
distortion of-Hhc hydrogen lines, and on one occasion a velocity ot 
nearly 2 30 miles was attained. One of the finest eruptions was visible 
00 the surface of the sun it>elf m tin; immediate neighbourhood of a 
large spot,* 2 

The following arc Dr, II. C Vogels observations on 
this point : they were made in 1*871 : — 

* Die Pmtubcntru haitc schr starkc Vcriindcrtmgcn crlittcn. bine* 
tangcrc Zeit isolirt schwehende, Wolkc zeigtc cine iiberaus starke 
rotatprisclic Be wegung. Die helfc Wassmtoffiinic H tf ersdhen M;uk( 
gckrumme tind glekhsam urn die dutikle F Linie »m Sonnenspccmuo 
geschiungen, me Ahwcichutigcn m bekien Seitcn dcr r bm |L 

* Jpunml fif the Inwkiin fmlUute, October 3rd, 1870. 

. Nature* vc>L viv. p. 109, 
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betrugen 0*23 Million tel millimeter Wellenlange, was ciner Gcsch- NOT e g, 
windigkeit von Ca 20 Meilen in der secunde cntspricht.” 

Dr. Vogel has also seen and described that drift in two 
directions often seen in neighbouring spots : — 

“Am 6 Mai untersuchten wir, Dr. Lohse und ich, spectroskopisch 
cinen grossen Sonnentleck, dessen Kern durch zwei Lichtbrucken 
gespalten war. Als der Spalt des Spectroskops auf dicse Lichtbrucken 
gestellt wu'rde, zeigten sich V erschieoungen der Spectrallmien und zwar 
so, dass liings der Kantc des grosser en Flecks die Linien mehr nach 
dem Violett, an der Kante des kkincrcn Flecks dagegen mehr nach 
deni Roth geruckt waren. 

u AuffalHg war e% dass sammtliohc Linien im Spectrum, so weit es 
untersucht wcrden konnte.an d*cser Verschiebung thcilnahmcn, dcren 
(.irossc in der Nahe der F Liniczu 0*05 Milliontel Millimeter Wellen* 
lange geschiitzt wurde. 

“Die Geschvvindigkeit des Emporsteigens der gkihenden Case am 
Ramie des grdsseren Flecks wiirde demnach 4 bis 5 Meilen in der 
sccunde betragen haben/ 1 1 

For the 'mathematical treatment of this subject see, 
in addition to Professor Clark Maxwell’s paper referred to 
on page 202, Young in jfmrnat of the Franklin Insti- 
tute, No. 562, p. 349, November. 1872. 

Professor Zoliner has devised a spectroscope, called by 
him a “ Reversion Spectroscope/’ for the special purpose 
of observing these displacements of the spectral lines, 
and obtaining accurate measurements of their amounts. 

This is effected as follows : — 

u The line of light produced by a slit or by a cylindrical lens is in 
die focus of a lens,* which makes the rays parallel as in other spectro- 
ocopcs. Then the rays pass through two amki's systems of prisms, a 
tiire<tt\ which 1 have received from Mr. Mcrz, Munich. 

u These are so placed side by side that each gives passage to one 
half of the rays coming from the object-glass of the collimator, but so 
that the refracting edges lie on opposite sides, By this means all the 
rays are separated into two spectra of opposite direction. The object- 
glass of the telescope, which unites the rays again to one image, is cut 
perpendicular to the horizontal refracting edges of the prisms, as in 
the hdiometer, $0 that each half can be micrometrical Jy moved, either 
parallel or perpendicular to the line of bisection. By this means we 
are enabled not only to make the lines of both spectra coincide, but 
V place the two spectra side by side instead of superposing them (so 
mat one is placed beside the other like a nonius) and also to partially 

v 1 ‘‘ ^fobachtun^cn angestellt auf der Stcrmvarte des Kammcrhcrrn 

1,11 ni '°"' zvl Bothkamp.*’ — Ih/t i. 1872, p. 36 and 39. 
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h otr o. superpose them. By this construction th* sensitive nature of the 

double image is not only turned to account for determining any change 

of position in the spectral lines, but eveiy such change is also doubled 
because the influence acts in opposite directions in the two spectra. 

u The principle of the reversion of the spectra which forms the basis 
of the instrument, and which determines me to give it the name of 
Reversion Spectroscope, may also be applied without the use of the 
amici system of prisms/' 1 * 


NOTE H* 

List of Chromospheric Lines. 

not k h. My first list of lines 3 was, very shortly after it was pub- 

Hshed, confirmed by Professor Young, who added one 
more to it, 2581*5 (Kirchhoff ). 

** I desire to call special attention to 2581*5. the only one of my 
list, by the way, which is not given on Mr. Lockycr’s. This line, which 
was conspicuous at the eclipse of 1869, seems to !>e always present 
m the spectrum of the chromosphere, and shows the form of its upper 
surface or of a protuberance nearly as well, though of course not so 
brightly, as the 2796 line. It has no corresponding dark line in the 
ordmafy solar spectrum, and not improbably may be due to the same 
substance that produces D x 



i?4« -homitWflosMM by ami I)j light. 

‘*Thc reversal of the sodium and magnesium lines is not at all un- 
common. In some instances these lines were so bright, that on 
opening the slit, the form of the prominence could be made out 
through them. This was the case with a small hand-shaped promi- 
nence observed on September 27th. Comparing the form thus seen 
through D t and D, with that given by I> 3 , it appeared that the sodium 


1 From Reports of Royal Saxon Academy of Sciences, Feb. 6, *8^ 
Astr, Naekt> No. 1772, Sept. 15, 1869 . Translated by A. M. Mayc , 
Ph.D., in the Jour ml of the Franklin Institute , vol. Ixxxvni., p. 4 » 
Dec. 1869. 

* See p. 491. 

* Received by the Royal Society, July 8th, 1869. 
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line was sufficiently developed fdr observation only along the edge, 
and at one or two bright points in the prominence, most brilliantly 
neither at its summit nor its base. Fig. 174 represents the appearance 
(the slit was perpendicular to the sun’s limb). The case was similar 
with the magnesium Hnes.” 1 

Captain Herschel, in May 1869, communicated to the 
Royal Society a list of lines. 2 

Subsequently Young has continued the special study of 
this subject with the most .magnificent success, and has 
published a first list of 103 lines, which has been followed 
by a second of no less than 273. He also endorses my 
observation, that at times every line appeared reversed. 
The preliminary catalogue sufficiently indicates the names 
of the other observers who have studied the question 
by the initials affixed to various lines showing by whom 
they were first observed. 

The following is Professor Young’s first catalogue, 3 
obtained by observations made in September 1871. It 


includes only those 
.it least. 

lines 

which 

have been 

seen 

twice 


\ 

tc j 

0 ' 

e 

O 

: j£ 

u 3 
> 0 

li 

- S »- 

S 0 
i 0 > 


Xt 

JC 4 

i 

ft s 

x e 

iu 

re JS 

~z m* 

JB 

1 1 ! 


3 

j* 

X'C 


( 

534*5 

7060*? 

60 

\ 3 


» 

2 

6545 

6677 ? 

s 

4 

H. 

i l. 

3 

C 

6561 •£ 

UX> 

too 

j J- 

4 

7*90 t 

649 S 7 

2 

2 \ 

Ba. 

1 

5 

734*0 

6454 5 

2 

3 



6 

743*7 ! 

768? j 

6431- 

i 

2 i 


5 

7 

6370' 

2 

2 

Ti. 

1 

8 ! 

816*8 ! 

6260*3 

1 

* 

i 

9 | 

8200 } 

6253-2 

1 

2 - 

Fc. 

! 


1 Communicated to the you nut l of the Franklin Institute , October 
3 r <l, 1870; Nature, vol. in, p. 112. See also Journal FJ No. 524, 
P i 4 T, Sep. 1869. 
i (* r0i \ vol. xvii, p, 507. 

Kcprmted from the Atnethau Journal of Science and Arts, ana 
*'<itu9T f vol. iii. p, j 1 j. 
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NOTE It. 

j 






6 

X 

5 Ha 

" 0 

> JS 

! a 

» s 

? ft 

'Z Z 

4 l» g 

*S 8 

la 



*c 


1 £ » 

JJ j} 

B s 


SC 

J 

; ” 5 * 

*< 

i «f 
: ■«* 

*; 

ajf 

-V TJ 

«cr *8 

C X 

IO 

874 2 

6 1 40 > 

6 

8 

Ha. 

L. 

1 1 


5894 *8 

10 

10 

Na. 

L 

I i 

* 

58S9 0 

10 

10 

Na. 

L 


lOIJTJ 

5871 

100 

75 


F 1 
R. I 

»4 

1274 3 

3334 0 

6 

S 

Ha. 

13 

1281*5 

5520*0 

t 

l 

Ft*. 



i >43 5 

5454 5 

* 

2 

IV. 


*7 

* 35 * 3 

5445*9 

1 

2 

Fc. Ti. 


IS 

13031 

5433 0 

1 

* 1 

IV. 


*19 

1 366 0 

> 43 ° 0 

2 

3 

■> ! 


20 

13720 

5424 5 

■ 3 f 

4 

Ha. 

J.. 

21 

* 378-5 ? 

54180? 

1 


Ti. ? 


*rz 

1382*5 

54*2 

1 

l 



3 3 

139**2 

>4050 

* 

2 

Fc. Ti. 


24 

*397 *8 

>396*2 

! 1 

> 

Fc. 


2.5 

*421 3 

5370 4 

1 

-» 

i V. 

K. 

26 

* 43 * 3 

531*0 *6 

i 2 

2 


K. ? 

27 

*4547 

5332 *0 

; 2 

2 ’ 

Ti. 


2S 4 

1402 9 

53277 

1 

3 

Fc. 


29 } 

14O34 

5327 2 

1 

3 

Fc, I 


3 ° 
3 * ! 

1465 

< or on a / 
f • line 

i 14741 1 

532 * 

4 

2 



53*5 9 

? 75 

*5 

Ft\ ? 

t. 

34 

* 5 ° 5'5 

>283' 

5 

4 



33 

* 5 * 5*5 

52750 

7 

5 


!.. R 

34 

K, 

52^4*5 

1 

3 

Fc. < a. 


35 

f I., 

5268*5 

i * 

2 

i V. 


5 f > 

152.Sc> 

5205*5 

3 

2 

Ft*. < n. 

I . 

37 

15c 10 

52390 

* 1 

1 

Fc. 


5 * 

1564 1 

52362 

1 ! 

2 

Mn. 


39 

• 5 «> 7 - 7 

5253*5 

2 

2 ? 

K. 

4 ° 

* 5 #i 9*7 

i 5232 0 

1 j 

2 

Fc. 


41 

1577 3 

: 52260 

1 ; 

2 

Fe. 


42 

! 1580-5? 

! 52245 

1 1 ! 

1 

Ti. 


43 

; 1601-5 

i 52073 

3 i 

3 

(r. Fc? 


44 

16044 

52053 

3 

3 

Cr. 


45 i 

1606-5 

: 52037 

3 \ 

3 

Cr. Fc ? ! 


46 j 

! 1609-3 

5201-6 

t 

2 

Fc. 


47 | 

1611-5 

\ 5*995 

* 1 

1 


1 t* 

4 * 

16156 

! 5197 0 

3 

2 

Mtf* 

L. K* 

t 

49 

*t 1 

j 5 1 s 3 0 

*5 

*5 ; 

1 -■ 

r 

50 

k t j 

I 51720 

*5 

*5 

Mg. 

l ... 

F. 

1 

5 * 

h i 

j 51685 

12 

10 

Ni. i 

Mg. 

S 2 

h j 

! 5166-5 

10 

10 

1 .. 

53 

1*73 9 ; 

5 * 53-2 

1 

t 

Na. 


54 \ 

16780 ! 

51501 
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stmt it. u In the table the first column contains simply the reference 
number. An asterisk denotes that the line affected by it has no well 
marked corresponding dark line in the ordinary solar spectrum. 

w The second column gives the position of the line upon the scale of 
Kirch hotY’s map— determined by direct comparison with the man at 
the time of observation. In some cases an interrogation mark is 
appended, which signifies not that the existence of the line is doubtful 
but only that its precise place could not be determined, either because 
it fell in a shading of fine lines, or because it could not be decided in 
the case of some close double lines which of the two components was 
the bright one ; or, finally, because there were no well-marked dark 
lines near enough to furnish the basis of reference for a perfectly 
accurate determination. 

“The third column gives the position of the line upon Angstrom’s 
normal atlas of the solar spectrum. In this column an occasional 
interrogation mark denotes that there is some doubt as to the precise 
point of Angstrom’s scale corresponding to Kirchhoffs. There is 
considerable difference > between the two maps, owing to the omission 
of many taint lines by Angstrom, and the want of the tine gradations 
of shading observed by Kirchhoff, which renders the co-ordination of 
the two scales sometimes difficult, and makes the atlas of Kirchhoff 
far superior to the other for use in the observatory. 

“ The numbers in the fourth column arc intended to denote the per- 
centage of frequency with which the corresponding lines are visible 
in my instrument. They are to be regarded as only roughly approxi- 
mative ; it would of course require a much longer period of obser- 
vation to furnish results of this kind worthy of much confidence. 

'* In the fifth column the numbers denote the relative brilliance of 
the lines on a scale where too is the brightest and i the faintest. 
These numbers also, like those in the preceding column, are entitled 
to very little weight. 

“The sixth column contains the symbols of the chemical substances 
to which, according to the maps above referred to, the lines owe their 
origin. 

** There are no disagreeemnts between the two authorities; in a 
majority of cases, however. Angstrom alone indicates the element, and 
there are several instances w here the fines of more than one substance 
coincide with each other and with a line of the solar spectrum so 
closely as to make it impossible to decide between them. 

** In the seventh and last column the letters J M JL, and R. denote that 
to my knowledge the line indicated has been observed and its place 
published by Janssen, Lockyer, or Kayet.” 

Professor Young called especial attention to the lines 
numbered I and 82 in the catalogue; they are very per- 
sistently present, though faint, and can be distinctly seen 
in the spectroscope to belong to the chromosphere as such, 
not being due, like most of the other lines, to the excep- 
tional elevation of matter to heights where it does not 
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properly belong. He considers it to be probable that both note h, 
these lines are due to the same substance which causes the 
D s line. 

He also points out that the presence of titanium vapour 
in the prominences and chromosphere comes out very 
clearly from the catalogue, as no less than 20 of the whole 
103 lines are due to this metal. 

Young’s second list, 1 obtained by observations at an 
elevation on the Rocky Mountains, is preceded by the 
following: — 

Tabi.f. showing the Number of Coincidences between the Bright 
Lines observed in the Spectrum of the Chromosphere, and those of 
the Spectra of the Chemical Clements. 
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I he numbers in the last column denote die whole numlier of times that the 
symbol of each element appears in the catalogue, either singly or combined 
win others. 

He states : — 

The great altitude of the station (nearly 8,300 feet), and the con- 
sequent atmospheric conditions, were attended with even greater 
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advantages for my special work than had been really expected, 
although 1 was never quite able to realize my hope of seeing all the 
Fraunhofer lines reversed, unless once or twice tor a moment, during 
some unusual disturbances of the solar surface. 

Everything I saw, however, confirmed my behef that the origin 
of the dark lines is at the base of the chromosphere, and that t In- 
ability to see them all reversed at any moment depends merely upon 
instrumental power and atmospheric conditions. 

Catalogue of Butr.nr Lines in the Spectrum 01 the 
C U KOM OS PH 1 E I • * 8 7 - * 
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Notes. 


I. The position assigned to this line, first observed by Respighi (a fact of 
which I was ignorant when the Preliminary Catalogue was published), rests 
upon two series of micrometric measurements, referring it to four neighbouring 
dark lines — the probable error is about ^th of a division of Kirchhoff s scale. 

9. No. 6 in P.C. Position there given, 743? 

l6 and 17. Nos. S and 9 of P.C. Position given as Si6‘8 and 827*6, by a 
mistake in identifying lines upon the map. 

40. I have never myself seen this line reversed. Prof. Emerson, however, 
saw it several times. It was first reported by Rev. S. J. Perry, in Nature , 
vol. iii. p. 67. 

41. The position of this line has been independently determined by three 
series of micrometric comparisons with neighbouring lines. My result agrees 
exactly with that of Huggins. 

72. Erroneously given in P.C. as 13631, which line does not reverse, or at 
least was never seen reversed at Sherman. 

too. The principal line in the spectrum of the corona. The corresponding 
line in the spectrum off iron is feeble, and on several occasions when the neigh- 
bouring lines of iron (1463, &c.) have been greatly disturbed, this has wholly 
failed to sympathise. Hence I have marked the Fe w r ith a ?. Watts indicates 
a strong line of oxygen at 5315 A. 

152 and 156. Observed only on one day, but verified by Prof. Emerson. 

172. Called ** little C ” by Mr. Stoney. 

179. Given by Lockyer as K 2054. Its position is a little uncertain ; it 
seems to coincide with neither of the dark lines at 2051 and 2054, but lies 
between them, a little nearer to 2051. 

189. Rather a b?nd than a line. 

222. The position of this line, which, however, like 189, is rather a band, 
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NOW II. W»a determined by l wo series of careful micrometrical men>mcmrnt\ hw i* 
- di^covertHl by RstyeC in January , iS«n) ; since called *Vf” by Lorea/uni. 

27a and 273. These lines were both reversed (by a narrow bright strij>c 
running down the centre of the broad hazy band) as constantly, whenever th<* 
Seeing wax good, m h or C itself. The observation was difficult, however, and 
reijuirctithe m<j$t scrupulous exclusion of foreign light, and a careful adjust- 
ment of the «ht in the plane of the solar image formed by these particular 
rays. 

They were also found to be regularly reverxe <1 upon the body of the sun 
itself* m the penumbra and immediate nttgh&wrh&hl ( >/ etay important tpa, 

“* In the Oftfafoguc, the first column contains simply ;t reference 
number : a J refers to a note at the end of the catalogue. 

'* The numbers in the second column refer to the 1 Preliminary 
Catalogue/ containing 103 lines, w hich was published a year ago m 
the el mieriaiH' Jtwrntit of Si'iaue* In this column a t indicates 
that sornfc other' Observer has anticipated me in the determination and 
publication of the line. *IU I have dejvended for my information 
almost solely upon the Corn-pits Kanins am! the Pnn'tufbi^s of //v 
Kayal S*me(y (which gave ihp observations of Loekyer/ janWn. 
Rayet, and Sccchi), it is quite possible that some other lines ought to 
be marked in the same manner. 

* The third column, headed 1C, gives the positions of the lines on 
Kirch hoff’s scale, the nundxrrs above (i being derived from Thaicn x 
continuation of Ktrchhuflf's maps. In this column an asterisk denotes 
that the map shows no corresponding dark line, a ? that the exact 
position, not the existence, of the line is for some reason slightly 
uncertain. 

44 The fourth column, headed A, gives the., wave-length of the line in 
ten-millionths of a millimeter, according to Angstrom s atlas. 

“The numbers in this and the preceding column were taken, not 
from the maps themselves, which present slight inaccuracies on 
account of the shrinking and swelling of the paper during the opera- 
tion of printing, but from the numerical catalogues of Kirchboff and 
Angstrom which accompany thesr respective atlases. In the Prelimi- 
nary Catalogue the numbers were deriv ed from the maps ; hence some 
slight discrepancies in the truths of division. 

“ The fifth rcdtmtn, marked F, contains a rough estimate of the per- 
centage of frequency with which the lines were seen during the six 
weeks of observation ; and the sixth column, B, a similar estimate of 
their maximum brightness compared with that of the hydrogen line C. 

u The variations of brilliance, however, when the chromosphere was 
much disturbed, were so considerable and so sudden^ that no Vl< 0’ 
great weight can be assigned to the numbers given. Nor is it to be 
inferred that lines which have in the table the same index ot bright- 
ness were always equally bright On certain occasions one set v 
lines would be particularly conspicuous ; on others, another. 

“ With two or three exceptions, indicated in the notes, n°J iIK ' 
have been catalogued which were not seen on at least two diiicicii 
days. In the few cases where lines observed only on one ot(asI 
have been admitted to the list, the observations were at the , 
carefully refined by my assistant. Prof. Emerson, so as to place — 
correctness bey ond a doubt. Many other lines were ‘ghmps <■ 
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one time and another, but not seen steadily enough or long enough to 
admit of satisfactory determination. 

“The last column of the catalogue contains the symbols of the 
chemical elements corresponding to the respective lines. 0 Thc ma- 
terials at my disposal are the maps of Kirchhoff and Angstrom, 
Thaltfn’s map of the portion of the solar spectrum above G, and’ 
Watts’ “ Index of Spectra.” Since the positions r pi the lines in the 
latter work are given only to the nearest unit of ‘Angstrom’s scale,’ 
I have marked the coincidences indicated by it with a (w), considering 
them less certain than those shown by the maps.” 

- . 

'Professor Young thus sums up his work: — 

“In addition to the elements before demonstrated to exist in the 
chromosphere, the following seem to be pretty positively indicated — 
sulphur, cer.um, and strontium ; hnd the following with a somewhat 
less degree of probability, zinc, erbium and yttrium, lanthanum and 
didvmium. There arc some coincidences also with the spectra of 
ox> gen, nitrogen, and bromine, but not enough, considering the total 
number of lines in the spectra of these elements, or of a character, to 
warrant any conclusion. One line points to the presence of iridium 
or ruthenium, and only three are known in the whole spectrum of 
these metals. * 

“No one, of course, can fail to be struck with the number of cases 
in which lines have associated with them the symbols of two or more 
elements. The coincidences are too many and too close to be all the 
result of accident, as for instance in the case of iron and calcium, or 
iron and titanium. 

“ Two explanations suggest themselves. The first, which seems 
rather the most probable, is that the metals operated upon by the 
observer who mapped their spectra were not absolutely pure — either 
the iron contained traces of calcium and titanium, or vice versd . If 
this supposition is excluded, then we seem to be driven to the conclu- 
sion that there is some such similarity between the molecules of the 
different metals as renders them susceptible of certain synchronous 
periods of vibrations-- a resemblance, as regards the manner in which 
the molecules are built up out of the constituent atoms, sufficient to 
establish between them an important physical (and probably chemical) 
relationship. 

“I have prefixed to the catalogue a table showing the number of 
lines of each substance, or combination of substances, observ ed in the 
chromosphere spectrum ; omitting, however, oxygen, nitrogen, and 
bromine, since with one exception (line 230) neither of them ever 
stands alone, or accounts for any lines not otherwise explained. ’ 

Quite recently Professor Young has shown the possibility 
of distinguishing between those lines which are always 
reversed in the chromosphere and those which, coming from 
greater depths, are thrown into it by uprushes. 

“ 1 must not close without alluding to certain observations that 
cftable us to distinguish, to some extent, between the substances 
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Min: ir. ejected* from the sun, and those constituting the atmosphere into w hi< h 
*■ “ the irruption takes place. Certain lines during these outbursts were 

distorted and displaced, while others near them, equally conspicuous, 
were wholly unaffected. 

“Thus on August 3rd and 5th, the former class included the lines of 
hydrogen, 1> 3 , the lines of sodium, magnesium, and many of those of 
iron ; in the latter were K 534 * 14 74 , i>° 5 » * 5 * 5 * * 5 * 8 * 1867, 2007 1870 
and 200 were intensely disturbed), 2581, and probably the two Us • l 
say probably, because the observation of these lines was too difficult 
to permit absolute certainty, still l feel very confident that they were 
unaffected. The barium lines also seldom seemed to participate in 
any disturbance. 

"The obvious moral of our summer’s work seems to me this, that no 
time ought to be lost in occupying points of such advantage with tin 
most powerful instruments ; the great telescopes now building should 
be put in a position to profit by such atmospheric conditions as will 
secure their utmost efficiency, for while it is of little consequence to 
science whether ordinary glasses are placed where their power will he 
increased by 25 per cent,, it may make a difference of years and 
decades in her advance if the new artillery opens its attack upon the 
heavens from the mountain-tops instead of from the plains. ' * 

The same communication also contains the following ; — 

“ It is noteworthy that of the 1 70 new lines found in the eluomo 
sphere spectrum, not a single one lie* below C, and that for no want of 
careful examination. The only new lines of much importance are the 
two Us at the extreme violet end of the spectrum. These were found 
almost constantly reversed, probably quite so, but the observation was 
so difficult that we could not be perfectly sure of it on every 'occasion.** 

The following extracts will serve to show Professor 
Respighi's observations of the chromospheric lines. They 
are from his Fifth Note, published in 1872, in the Atti deglt 
Reale AeauUmia dii Litnei. and read $th May, 1872 

" The observations of the last total eclipse of the sun have shown that 
the chromosphere, or the gaseous stratum which envelopes the bright 
surface of the sun or the photosphere, is not composed only of hydrogen, 
but also of many other gases and metallic incandescent ^ vapour**, 
limited however to its base, and reduced to exceedingly thin strata. 
At the beginning of the tota’ity of the eclipse, when the extreme so «u 
limb was covered, at the appearance of the chromosphere, not only the 
bright lines of liydrogert w ere to be seen, but an unlimited quantity 
of bright lines, as if there had been a total reversal of the lines ol t k 
solar spectrum ; the same phenomenon presented itself at the cm u 
totality, some moments before the appearance of the extreme so • 
limb a clear proof that, at the base of the chromosphere, the h> m ■ 
is mixed with many other substances in the condition of gas * 
incandescence. 


Wafttre, December tath. 1872, p. 109. 
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« In the artificial eclipses produced by our spectroscopes, this complex ~ m . p „ 
constitution of the chromosphere is only observed in some almost 
exceptional cases, and in a very imperfect manner, while in general 
we cannot obtain anything but the reversal of the lines of hydrogen 
and of the line D. { , which is held by many as not belonging to that 
substance. * 

‘‘ This depends on the slight thickness of these gaseous strata, by 
reason of which they are always veiled and concealed in the undula- 
tion of the limb, and thus submerged in a sea of vivid solar light : 
which does not happen in real eclipses, in which the disc of the moon, 
covering the sun before the luminous rays can arrive within our 
atmosphere, renders the undulations, which in full sunlight invade the 
slit of the spectroscope, impossible. 

“ Hut even in full sunlight, favourable conditions are at times pre- 
sented for observing these bright lines, at least in the case of those 
substances which, after hydrogen, arc most elevated in the photosphere ; 
and this is especially the case in the regions of the spots and of the 
dark granulations. Indeed, in these localities, I have often been able 
to observe at the base of the chromosphere, through long tracts 
of the limb, bright lines besides those of hydrogen, the two red 
lines between a, B, and 13, C, almost always, and very marked. If 
I have generally confined myself to the observation of these last lines, 

I was obliged to do so in order not to distract myself by too many 
operations while 1 was already sufficiently occupied in observing. the 
solar outline, and in the study of the protuberances. These regiohs 
I believe to be those in which Tacchini finds the lines of magnesium 
reversed. Indeed, comparing the regions in which Tacchini finds 
these magnesium lines, they appear to me generally coincident with 
those in which I see the two bright lines between a, B, and between 
B, C ; with this difference only, that these last lines are extended 
to a smaller part of the outline. But this might depend on the 
greater difficulty of observing them, because projected upon a bright 
field, while those of magnesium are more easily rendered visible 
through the striking contrast of their corresponding black lines. And 
tins supposition is, I think, confirmed by the fact, that the two lines 
between a, B, and between B, C, are those which, after the lines of 
hydrogen are most prominent, not only at the base, but also in the 
most elevated parts of the protuberances ; a manifest proof of the 
g.eat predominance of that substance, from which proceed the lines 
in question, in the compos’tion of the mass and of the superficial 
stratum of the sun. 

“ The visibility of these bright lines in the regions of the spots and 
of the granulations might be explained by the greater elevation of 
the gaseous strata, caused by the prevalence of jets or eruptions, 
generally composed of several substances besides hydrogen ; but with- 
out excluding that explanation, I maintain that another fact may 
contribute to render these lines more easily seen. 

“ It is a fact that with the slit arranged tangentially in the locality 
of the spots .and of the granulations, the spectrum is furrowed or 
divided by lines almost permanently dark ; and this is, I maintain, 
produced by the dark or less bright streaks of the solar limb under- 
neath the chromosphere, on which the undulations of the outline 
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note if. appear less sensible and more depressed, and thence not sufficient to 
conceal the base of the chromosphere ; in consequence of which, some 
of the bright lines can then emerge, which lines in the other parts of 
the outline are submerged by very active and pronounced undulations. 

** In treating, however, of a subject so delicate, I offer my opinion as 
a simple conjecture, demanding for it the attention and the study of 
other observers, in the confidence that the results of their observations 
will give it a greater degree of probability. 

* 4 Professor Lorcnzoni has made a particular study of the bright lines 
of the chromosphere, and in spite of the small dimensions of his 
refractor (similar to that of Campktoglio), has, by using some very- 
useful contrivances based on the theory of the focal distances of the 
object-glass for the different rays of the solar spectrum, ascertained 
the almost continuous presence, in the chromosphere, of some very 
refrangible bright lines ; such are f. of iron and h. of hydrogen, 
from the equator to 75* of latitude, north and south. But as he made 
these observations during the period of great perturbation, it is im- 
portant that they should be continued, in order to discover whether 
also in the most normal conditions, or in conditions of more moderate, 
solar activity, the visibility of these lines persists through the whole 
of the to no indicated ; or whether, on the contrary, by the disappear- 
ance of the large protuberances in the polar regions, this peculiarity 
. or characteristic of the chromosphere is limited to the zones or regions 
nearer to the equator/’ 1 

****♦# 

The regions of the spots, as 1 have already shown in my Notes I !. 
and 111., when they are found on the solar outline, arc distinguished by 
some special characteristics in the chromosphere, as well as in the 
protuberances or jets which arise there on the photosphere. The 
chromosphere in those regions is generally presented as very huninou> 
and sohd. and in conditions such as not only to bring out the lines of 
hydrogen and D* brightly , but also those of various other substances, 
apiong which are sodium, iron, magnesium, &e., and constantly two 
red lines, one bet ween B and < ‘ and the other between a and B, which 
nearly correspond to the divisions 651*2 and 524*6 of the scale of 
Kirchhoff. 

The substance which, next to hydrogen, is observed to be most pre- 
dominant in the e jets, is that unknown one, corresponding to the two 
Imes between </B and between H(T, already often indicated ; 1 have 
constantly observed these lines more or less bright at the bases of all the 
pmtu Ik? ranee# near to the spots, and i have often been able to see 
atvl follow them even in the elevated parts of the jets, and at times as 
far as 2", from the limb : occasionally also, by widening the slit of the 
spectroscope 1 have observed the Complete imago of the jets as mm.h 
in one as in the other line* 

“ ! have also often been able to observe the lines of magnesium 
extended to a considerable portion of the protuberances, and as far as 
t' distance from the limb. 

‘*As to the lines of sodium, iron, &c. f 1 have generally been m * 
able to observe them, except, at the base, or in the lowest parts o 

1 Respighi. Notcv. § 1 . 



LIST OF CHROMOSPHERIC LINES . 


protuberances : the lines of sodium only have been sometimes observed 
at some distance from the limb* 

“ As regards those jets which are compound, their general and funda- 
mental trait is that they contain hydrogen from which the other 
substances seem to be carried off to a greater or less height, only 
in some especial ramifications ; so that the hydrogen must be con- 
sidered as the fundamental and predominant element of all the solar 
eruptions* in the very numerous and very accurate observations 
made by me of the eruptions near to the spots. I have been unable to 
observe jets of ai\y substance not accompanied by hydrogen. 

“ In my Note III., in treating of the protuberances with complex 
spectra, 1 remarked that the two red lines between #?H and between IJC 
often, appeared very vivid in some parts, and especially in the 
summit of some jets, while they were totally wanting in the lower 
portions, so that the gas corresponding to these lines constituted true 
clouds enveloped in hydrogen. .This fact 1 had previously verified 
also for magnesium, of which l had often seen clouds mixed with hydro- 
gen to a remarkable height from the solar limb, almost as high as i'. 

. “This fact seems to me coincident with that of the nodes or nuclei 
found by Professor Loren zoni in his exceedingly accurate observations ; 
he observed these often in the protuberances with complex spectra ; 
distinguished from the other parts of the protuberances themselves 
by the multiplicity of the spectral lines, namely, f b, D, &c. Generally 
it is ascertained that the visibility of these lines in the elevated 
parts of the jets is of brief duration ; which would prove that the 
substances to which they belong constitute jets or intermitting eruptions 
of short duration, returning rapidly to the surface of the sun, or 
rapidly losing the vividness of their brilliancy. 

“ In the jets near to the spots, or rather, in those points or bright 
solid masses which are often observed in proximity, and sometimes in 
contact with the nuclei, the spectrum is generally composed of very 
numerous bright lines, of which I have often very distinctly seen as 
many as twenty, although I was not expressly engaged at the time in 
the observation'of them." On some rare occasions, the whole spectrum 
appeared momentarily reversed or luminous beneath these masses 
of bright points, and sometimes 1 remarked a fact, which seems 
to me worthy of notice ; namely, that the spectrum became luminous 
in some portions only, which beginning at the lines C, I> 3 , and h , 
extended to some distance towards the lea ; refrangible parts of the 
spectrum, gradually diminishing in brilliancy." 1 

'Father.. Tacchini has observed the following bright lines 
in the spectrum of a prominence: — Hydrogen, D s , B,C 
B, a, b lt b.,, b. x , b A , 4943 (double), 5031 (double), 5194, 5229, 
5272, 5282, 5265, 5316, and two other undetermined lines 

between b and 53 16. 2 

Professor H. C. Vogel has observed the following bright 


1 Respighi, Note v. § ix. 

2 Com pies Returns, vol. lxxvi. p. S29, March 31, 1873. 
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lines. He gives the heights to which- they extended above 

the solar limb : — 






Wav* -length- Height above limb Subfttaifce. 

c 


656*2 


10" 

II 

i). 


5 & 7‘4 


10" 

? 



53 * 7 


6 

Fe 

h 


5 * 8*3 


6 

Mg 



517*3 


6 

Mg 

A 3 


516 S 


5 

Ni 

** 


5 * 6*7 


4 

Mg 



50**3 


4 

Fe 



492*3 


6 

Fe 

I 


48<vi 


8 

II 



454 0 


6 

H 

Later he made the following observations ; — 


War* length 

Height Above 

Substance. 

Coincidence with corrc 



limb. 


vfark soUr line 

c 

656*18 


20" 

II 

Perfect 

}»» 

u. 

S^v'S® 

5*8*00 


s 

8 

!»■ 

Perfect 

r>. 

5^7 4 > 


20* 

? 



53 * >> 


3 

Fe ? 

Not perfect ; the Iron 
line ha* the wave- 
length 531 -5*) » 
Perfect 

h 

5 * s j<> 


10 

Mg 

■s 

5 j 7 *20 


8 

Mg 

Perfect 


51683 


5 

N» 

I Vrfect 


501*76 


3 

Fe 

Coincides more pre 





else 1)’ with a stronger 
line of the spectrum 



492 ' 3 * 


3 

Fc 

Perfect 

F 

486 *06 


20 

II 

Very wide at the ha-e, 






the centre coincides 
exactly* 

The magnesium 1 

ine 1 

and 

the third hydrogen line 


were not seen/* 


Professor Loren zoni 3 gives the following statement of the 
frequency of appearance of some of the lines seen reversed. 
Of twenty-six protuberances seen in one month (July), 


C l> $ F My were seen in 


The four //.* „ 

The two U’s 

The three lines, one of which is between H and C 
and the other two between h and F 


26 

*<> 

*7 

8 

6 


1 


1 


1 This ts the 1474 line of the corona, 

* H. C. Rf&bat'httingen, 1872, pp. 36-37, 

* Mswati^ if* //a Stnieid ityfi iptfirauofiisti f taint ///» vol. *• 1 * * 
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NOTE V 

The Line 1474 (Kirchhoff). 

This line was first observed by me in the chromosphere 
on June 6, 1869 (p. 496). It was then seen by the Ameri- 
can astronomers in the corona in the eclipse of that year. 
My most recent work with regard to it, showing that it 
cannot be an Iron line, will be found referred to at p. 553. 

Professor Young’s and my own early opinions as to the 
origin of this line will be seen by reference to pp. 268 and 
271. 

Seech i, in 1 869, suggested that an investigation of the 
hydrogen spectrum would throw light on the subject. 

He says: — 

44 L’ hydrogene nous a donnd, dans la boule du tube du pole positif, 
une raieassez belle, plactfe presque a £galc distance des deux raies C 
et F (« et ft) du spectre sola! re, inais un pen plus rapprochde de F : or 
cette raie coinciderait avee celle que M. Young a observde dans la 
dcrni&re dclipse, comme propre k la couronne. On fa attribute au fer, 
et j'ai d’abord suppose que, dans mes tubes, elle pouvait provenir des 
r^ophores mdtalliques ; inais les tableaux que je poss£de ne mautorisent 
pas h admettre cette conclusion ; je Pai vue dailleurs £ga!ement dans 
des tubes de Geissler, qui sont tres-purs et tr^s-peu fluorescents ; je 
crois done qu’elle appartient r< 5 ellement aussi h Phydrog&ne, mais 
qu’elle se d^veloppe sous une temperature plus basse, carje Pai vue 
seulement dans la boule qui environne lc r< 5 ophore.” a 

Professor Young has been independently led to consider 
this line as probably not due to iron, from the fact of its 
want of sympathy with other undoubted iron lines : — 

44 The corresponding line in the spectrum of iron is feeble, and on 
several occasions, when the neighbouring lines of iron 1463 have been 
greatly disturbed, this has wholly failed to sympathize ; hence I have 
marked the Fe with a ?” 1 * 3 

In the same year. Professor H, C. Vogel remarks, when 
dealing with the chromospheric lines, 44 53 1 5*5 eisen ? 
Schien nicht genau zu coincidiren, die eisenlinie hat die 
Wellenlange 5315*9 4 thus indicating a difference of 

1 See p. 496. 

9 Comptes Rendus , vol. lxx\ p. 84, January 10th, 1870. 

5 American y<mrnal of Sciences and Arts . vol. iw, November 1872. 

4 H. C. Vogel, Beobacht ungen* &c., 1S72. 
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noth i. 04 nun. on Angstrom’s scale, between the position of 
the line ascribed to iron on Angstrom’s map, and the 
coronal line with which it is generally said to coincide.* 

NOTE K. 8 

Tiie Continuous Spectrum at the base of the 
Chromosphere. 

k. Soon after I had first announced the discovery of the 
prominences by means of observations conducted without 
an eclipse, a further examination of the whole limb of the 
sun enabled me to detect the bright C line in every part 
of its contour. 

In the same year that the discovery was made, Secchi 
sent a note to the Paris Academy, in which he makes the 
following announcement. The letter is dated Rome, 13th 
November, 1S68, and is printed in the Cotuples Rendus for 
the 25th of that month : — 

*• Mais ce qu'on n'.i pas encore renutrqujf, jc erois. e’est que, dans le 
voisinage du bord so!. tire, meme la oil la raic C nc devient pas brillame. 
la rate noire disparaii et le spectre devient uniforme. Cc n’est pas la 
un etfet de contrasts*. mais une deq>osition rtfclle, due .'1 cc que le 
renversement est seulcrnent panic!. La meme s’observc dans la raie 
F et dans plus-curs autres rases.” 

On the 1st March, 1869, he addressed a communication 1 
to the Academy of Sciences at Paris; in which he uses 
the following words : — 

“Avans a grand 1 notabiement, an mOycn d'un oculaire, I image du 
Soled qui tombe sur fa fente du spectroscope, jc me suis d’.ibord 
apere.u que, en yfaisant entrer lentement le bord solaire. on veil paraiire 
Jes protuberances, et la couch e rose ; puis aprts que ccllcs-ci sent 
<?\ anouies et que Its lignes brillame* cc sont aflaiblies, mais settlement 
a!ors, on voit apparaltre le bord solaire. J'ai concln de cette observa- 
tion, que, c» g6n6ral, /«» couehe rose est separle du ford solotre for 
unc distance minime mais appreciable.” 

A little further on, in the same letter, he says “ Eu 
met font la fettle tangent c au bord , on troupe que la com In 

* Recent observations have led me to think that an error has been 
made in Angstrom’s map, and that there is no iron Hnc at M74- 
! See p. 497. 3 Odnptes Rendus, vol. Uvjji. p. S ho - 
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rose n'est pas en contact con t inn avCc le bord solaire .” He note k. 
states that this is only seen in perfection with a magnified ' 

image. 

He then proceeds to examine his observations in the 
following way : — 

“ A rna grande surprise, j’ai vu alors disparaitre compRtement routes 
les raies fines, et les raies noires D et b rest ait k peine visibles. J’ai 
d’abord cru que c’tHait Ik un effct de la faiblesse do la lumikre, tnais j’ai 
verifi<5 qu'il n'en etait pas ainsi, car je pouvais voir trks-bien les raies 
au dehors de la couche rose, et iimnediatement sur le bord du Soleil. 

J’ai attribud Feffet observd k la faiblesse du spectroscope, ct je 1 ’a.i 
avait monte avec trois pristnes trds-dispcrsifs : le resultat a dtd le meme. 

On pourrait supposer que le phenomena est du a un effet de habitation 
de l’air, pres du l>ord solaire, mais cette hypothese elle-ineme m’a paru 
devoir etre exclue par cette remarque que je disdnguais tres-bien les 
raies brillantes de la couche rose au milieu de 1’oscillation la plus 
vive : les raies fines obscures sont alors visibles dans tous leurs details. 

11 me parait done que nous' sommes en face d'unc couche qui donne 
rdellement un spectre continu.” 1 

He then adds that this stratum is difficult to observe, on 
account of its extreme thinness. 

Further on still, he says — “ Cette couche, proportionelle- 
ment asses mince , serait celle oil a lieu le renversement selon 
la tltdorie de Kirchhojf ; ” and then proceeds to argue, that 
though very thin, it is deep enough for the purpose. 

References to p. 497 will give my views of this matter, 
which are simply, first, that I have never seen an absolutely 
continuous spectrum in the place indicated by Secchi, 
though I have often seen nearly a continuous spectrum 
given by faculae. an observation endorsed by Captain Her- 
schel. 1 2 Secondly, that a considerable reduction in the 
number of absorption lines observed here is easily ac- 
counted for by the fact that two spectra are superposed ; 
and thirdly, that I cannot admit that "la couche rose 
n'est pas en contact continu avee le bord solaire. " 

When Professor Young in the clear atmosphere of 
Mount Sherman saw many lines reversed, he considered it 
might be the stratum to which Secchi referred, but -bn 

1 Comptes Rendus, vol, cit., p. 581. 

* Proc. R.S., vol. xvifi. p. 64. 
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note k. this I remark that, although Secchi has claimed this statc- 
*' ment in support of his position, nothing like a continuous 
spectrum was -observed by Young, and nothing is said 
about the said stratum being separated from the sun’s 
limb. 

Hence I hold that, although both kinds of observations 
— eclipse and non-eclipse observations —concur in show- 
ing that at the base of the chromosphere the number of 
vapours present is greater than was at first supposed, we 
are still as far off as ever from a stratum giving us a 
continuous spectrum lying between the hydrogen and 
the sun. 

1 here give the extract from Professor Young’s account 
to which I have alluded. He says: — 

“At the very base of the chromosphere, and to a distance of perhaps 
I "or i s" from the edge of the photosphere, it was found that those 
dark lines which arc not actually reversed lose their intensity, and 
vanish more or less completely. This is substantially a confirmation 
of an old and somewhat disputed observation of Secchi’s, who reports 
at the edge of the sun a layer giving a continuous spectrum. 

“ This is not strictly correct, however, since when the transparency 
of the air is so much increased as to cause the most persistent of the 
dark lines to vanish, a multitude of the others appear reversed. There 
can be little doubt that were the effect of our own atmosphere entirely 
removed, this lowest portion of the solar atmosphere would give the 
same spectrum of bright lines which is seen at the beginning and 
end of totality during an eclipse.'** 


NOTE L.* 

T f I E C I.ASSlFICA TtOK OF PROM 1 NEN<- ES. 

»»rr. i. As early as 1869. I had in my mind divided prominences 
.into two great groups (see g 484), but it was not till 
April 27, 1 870, thit I communicated the classification of 
them into Eruptive and Nebulous to the Royal Society 
(see p. 518). , 

1 “The Sherman Astronomical Expedition," Nature, I)ca >ml)CI 
lith, 1872, p. 108. 

* See f. ;»8, 
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In the sitting of the Saxon Academy, on the 2nd of 
June, in the same year, Zollner, in a paper laid before that 
body* announced that he had arrived at the same result : — 

“ The forms of the protuberances may be divided into two charac- 
teristic groups— into the vapour or cloud-like, and into the eruptive 
formations. The preponderance of the one or the other type appears 
partly to be dependent on local conditions on the surface of the sun, 
partly on the time ; so that at particular periods the one, at others the 
other type preponderates. The striking resemblance of the cloud-like 
formations to terrestrial clouds is readily explained, when it is considered 
that the forms of our clouds are due not to the particles of water sus- 
pended in them, but essentially to the nature and matter in which 
the differently heated and agitated masses of air are spread out. The 
particles of aqueous vapour are , in terrestrial clouds , simply the 
material by means of which the above-mentioned differences between the 
masses of air are rendered evident to us. The glow of the incandescmt ~ 
masses of hydrogen is the cause of the visibility of the clouds of the 
protuberances 

Young at once accepted this classification : — 

“ About forty different prominences have been more or less care- 
fully observed from September 10 to October 3, 1870; sixteen have 
been sketched. Most of them fall naturally enough into the categories 
established by Zollner and Lockyer." 1 

On the 4th December, 1870, Respighi read before the 
Redte A ccademia dei Lincei his third note, in which was 
contained the very careful and elaborate classification 
given below 

H In the immense variety of forms of the protuberances, the follow- 
ing types are chiefly to be remarked : — 

“ J. Well-defined, delicate, apd isolated jets. 

“ II. Jets united in groups. 

“ III. Jets with ramifications and dispersions. 

“ IV. Jets of larger sect ioiV columns or pyramids, cloudy and iso- 

lated. 

“ V. Jets or cloudy columns united in groups, intermingled at the 
summit with cloudy arches. * * - 

“ VI. Cloudy masses, irregular and supported on the solar disc. 

“ VII. Masses or clouds separated from the solar circumference. 
“The delicate and well-defined* jets are ob|erved bftener in the* 
locality of the spots, where generally they are #een to rise above the 4 * 
chromosphere in very light threads, more 01* less Jong, more or Jess 
inclined towards the vertical : at times rectilinear, and clouded at the 
summit; at times curved inwards in parabolic form on the disc of 
the sun. * 


1 yournal of the Franklin Institute ♦ 1870 ; Aature, vol. iii. p. 112. 

S S 
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note u “The jets united in groups often present in the locality of the 
' spots some very light threads, near to one another, now parallel, now 
diverging. Also in the other parts of the solar surface, not only 
large groups of jets, very defined and delicate, arc to be observed, but 
jets rather less light, and intermingled irregularly in such a manner, 
that if the air is not very transparent and tranquil, they appear to us 
like cloudy masses, terminating at the summits in more or less decided 
filaments. 

“This last form of protuberance is more frequent in high latitudes, 
and we often see some of them rather large, even to 70* of latitude. 1 . 

** Of this classification of the forms of the protuberances, it is manifest 
that the fundamental form* or the constitutions of the protuberances 
themselves are two; and these are, that of the cloudy masses, and 
that of well-defined, delicate, and isolated jets, or jets united in 
groups.** 

It will be seen, then, that Professor Respighi accepts 
my fundamental classification. 

I also had observed that the cloudy prominences — some 
of them extending over an arc of 30* or 40 * — chiefly affected 
the polar regions. In this I am also borne out by Professcr 
Respighi, who states : — 

* These gigantic clusters of protuberances arc generally present in the 
environs of the regions of the spots, and more frequently in the portions 
of them near the poles. Although this suggests continual variations, 
nevertheless these protuberances present a greater persistency and 
duration than those which arise in the locality of the spots, which are 
quickly developed and dispersed, as I have already remarked in my 
previous Notes. Sometimes large groups of protuberances occur in 
the higher latitudes also, even up to the poles, but they are much 
(aimer in brightness and less solid in structure. 

1 Note in. $ 2, p. 9. 

* Note v. Attt, p. 263. He then goes on to add : — 

** Lately some observers have mentioned these two fundamental struc- 
tures, offering this distinction as a novelty* a* a most important result 
brought to light by thet* observation^ made with large instruments, 
and pronouncing the small instruments to be insufficient for the reveal- 
ing of the fibrous strfaufc or of delicate jets, and asserting that no 
observer had before succeeded in observing them. I do not think it 
necessary to waste ap/f wo^ds in showing that this assertion is wholly 
unfounded ; this hat^pH^eerf clearly proved by my former announce- 
ments above quoted : since by it is not only evident that I had 
already long ago %tty characterised this form of protu Iterance, out 
more than this : 1 had indicated conditions and the locality of me 
solar surface in which they were pnedofninant. In the solar pron ^ 
appended to Memorandum lit., iii sjpftte of the smallness of the « 
and the imperfection of the drawing, this structure of protubcrai 
distinctly indicated, especially in the regions near the poles. 
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“ Generally, these consist of jets or fine threads, either parallel, con- 
verging, diverging, or cufrvcd at the summit, and often converging to a 
conical qr pyramidal form. These jets or threads are occasionally cut 
short at the base, presenting the appearance of a shower of fire ; and 
in spite of the weakness or the slight intensity of their light, they are 
$ho\yn to be rather more consistent and enduring than the vaporous 
masses. Generally the large protuberances can be divided at their 
base into many distinct jets of various sizes and degrees of brightness, 
which at their summits are diffused in the most curious way, being 
blended in a mass of light, often terminated irregularly in feathgrsor 
ramifications either rectilinear or curved. 

“Sometimes, however, we see in the vicinity of the spots, masses of 
hydrogen, solid at the base and cloudy at the summit, of moderate 
height and extent, and extending over several degrees of the solar 
limb. 

“ Also, in the isolated masses or clouds the dimensions are exceedingly 
variable, some of them being reduced to delicate threads, isolated or 
combined in groups ; others, on the contrary, are vaporous masses, 
more or less solid, and more or less irregularly terminated, and of 
enormous volume.” 1 


In October 1871, 2 Secchi sent to the Paris Academy a 
classification of his own. Of this I give an abstract ; it 
will be seen that it agrees exactly with the divisions of 
former observers, to whom, however, he makes no reference 
whatever. 

He mentions the following classes : — A mas, jets, panaches . 

The first he subdivides into amas brillants and a mas 
cumuliformes. These two sub-classes include all the dense 
and massive prominences ; the first sub-class is considered 
as consisting of local upheavals of the chromosphere not 
higher than 1 5* or 20*. 

The second class, jets, includes all the narrow and pointed 
prominences. The meaning of the term is so well under- 
stood, that no further description is necessary. 

The third class, panaches, includes *all not compre- 
hended in the two former classes, snefi as all the jet-like 
prominences of considerable width ; u the^n$bke-like and tuft- 
like masses ; those like those j the interlacing filamentous ; 
and those which present that cuyious cellular structure so 
rarely seen are mentioned as included in this group. In a 


1 

3 


Note v. Atti, p« 268. V -r ■ ■ ^ , - 

ComptiS Renans, lxxiii. pp. 826-836, October 2, 1071. 
, ' s $2 
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- separate group altogether from prominences arc placed 
clouds. 

He then observes : — 

44 En distinguant entre les jet s et les panaches, nous n’avons pas 
(intention de prejuger la question de savoir si les panaches nc sont 

E ss aussi des jets : cette question nest pas encore asset approfondic. 

a distinction rt'elle nous parait con sister en ce que, dans les jets 
une panic de la photosphere semblc soultvee, tandis que dans les 
panaches; la settle partic affect & est la chromosphere : nous n’avons 
Jamais trouvi* dans leur spectre que les lignes de i’hydrogene avec I t 
rate Mats il nous parait jus qtt’on pttisse ctablir en principc que 
tous ces jets offrent un orifice de mission dans unc couchc liquide d’ou 
sort Ic gar, ct bten moms encore qu’on puisse prendre la hauteur dc, 
protuberances cotnine mesttre de la pression qui lance le gar, car non. 
voyons les panaches se produirc meme dans les masses suspending 
dans I’atmospb&re libre loin de la chromosphere, lh oil 1’on ne pent 
admettre une telle couchc liquide." 

S [K>rcr has accepted my classification, and Secchi has 
returned to it. 


NOTE M. 1 

Connection between Prominences, Spots, and 

Fact et . 

I. Spots — Fac nice. 

On this head I need say nothing, except that we can 
scarcely have spots without facuia.% while faculai without 
spots are common. 

II, Spots — Prominences. 

The first suggestion on this subject was contained in 
a telegram from M, Janssen, dated t2th January, 1869, from 
Simla.* '•» 

•' Dipendance ehp0fapWsetteedes laches el les protuberances. 

Father Seedin' at once accepted this view:— 

“ je viens de reccvoir les Camples Pent/us du 18 Janvier, ou ^ 
trouve tine communication t rfcs-intdrcssan te de M. Janss en, 

» Seep.. 530. 

* Camples Pen dus, vo!. IxviH. p ns. 
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relation entre les protuberances et les taches. De mon cotd, j’dtais 
c\ 6 jh arrivd h la mdme conclusion. Les 4, 5, et 6 Janvier, yavais 
remarqud que, pres des laches, la raie noire C disparaissait, ce qui 
prouve que la lumi&rc de Fhydrogene c'tait assez forte pour compcnser 
Fabsorption du reste de Fatmosph&rc solaire. Dans l’intdrieur des 
taches, on ne voit pas de raie brillante. Cest surtout dans la region 
des fa c 11 les environnant la tache que la raie C s’affaiblit, ou disparait 
complfctement. II parait qu’on ne pourra jamais voir directement les 
raics brillanies sur le soleil liri-inemc ; mais la disparition de la raie 
C suffit pour constater la presence d’unc protuberance.” 1 

I could not accept this conclusion (see p. 493) in all its 
generality, and was driven to associate the prominences 
more with facute than with spots, the prominences seen 
near spots being due to the faculae with which the spots 
are always accompanied (see p. 521;, the more as the pro- 
minences near spots are composed of jets at some period 
of their life. 

Young is also of this opinion: — 2 

“ From the observations above detailed, it is evident that the spots 
and prominences obey nearly the same law in respect to their distribu- 
tion on the solar surface ; but the prominences, which are far more 
numerous than the spots, approach nearer to the poles and are move 
frequently found on the equator. 

“ I have never yet been able to watch a spot in its passage around 
the limb so that 1 could observe its effects on the chromosphere, but 
my present impression is that certain depressions from time to time 
observed in the chromosphere (see Fig. 19 , are due to spots directly 
under them. In only one case (No. 5. Nov. 4th) have I found a 
prominence very near a spot, and then only a small one. The spot 
referred to in connection with No. 9, Nov. 4th, was about 25 ' from the 
limb. Neither did spots make their appearance at or near the base of 
the great protuberances observed Oct. 7th. If they had they must 
have been seen on Oct. nth. Whether the prominences are connected 
with the facuke is a different question, and more likely,*! think, to receive 
an affirmative answer/’ t 

Still, though it was not true that all prominences were 
associated with spots, I pointed out, in April 1870, that 
the prominences which indicated the spectrum of the 
lower vapours were generally associated with spots, in- 
cluding of course the facula platform (p. 5*^)» whde the 
cloud-like prominences- generally did not. My statement 

1 Comptes RenduSy vol. Ixviii. p. 237, February 1869. 

2 Journal 0/ the Franklin Institute, No. 528, p. 4 - 3 * 
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of this connection has since been entirely endorsed by 
Respighi and Secchi. 

The following are some of the most important of Pro- 
fessor Respighi's observations on this point : — 

u Although the locality of the spots may usually be distinguished 
from others by an energetic state of eruption, yet occasionally there 
s^ems to reign a condition of calm, with the single peculiarity of a 
remarkable intensity and regularity in the red stratum, either from the 
total absence of protuberances or from the presence of few and very 
small jets. 

* From many observations made by me on the solar limb, in the 
locality of the spots, the following results are deduced : 

“ I. Red stratum is very low, very regular, and very bright. 

“a. On the nucleus, the red stratum is rather low and perhaps 
totally absent. 

44 3. On the nucleus, either eruptions do not take place at all, or 
they are confined to tine jets which last but for a short time. 

‘‘4. On the parts around the spots gaseous jets arise, which arc of 
remarkable violence and intensity, being moreover very definite in 
form. 

“ 5. The jets near to the spots are not constituted of hydrogen alone, 
but of other substances also, as manifested by the respective spectral 
bright lines. 

**6. Among these bright lines, which are generally met with at the 
base, or in the lower portions of the jets, those of sodium, magnesium, 
and iron arc often to lx* observed, and constantly the two lines in the 
red, one between B and C, the other between B and #7, which are often 
extended by notable streaks of the red stratum, and occasionally are 
shown very distinctly even on the elevated parts of the jets. 

M 7* From time to time in the neighbourhood of the spots, the 
eruptions assume temporarily gigantic proportions ; and by these are 
probably produced those rapid transformations and those sudden dis- 
placements which are sometimes to he observed in the spots them- 
selves, 

* 8. In the locality of the spots, we often meet with jets curved in- 
wards on the solar disc, tn shapes plainly parabolic, at times isolated, 
at times united in groups. 

44 9. The large lets or masses cast out in the vicinity of the spots arc 
developed and disappear more rapidly than in other localities ; they 
qftickly return to the surface of the sun.* 1 

It will be perceived that Professor Respighi alludes to 
the absence of the chromosphere on certain occasions 
over spots when observed near the limb. This is a matter 
of great importance, as it shows that my original view 
that the connection of the jets is really with the facu <e 


* Respighi. Note v. I ix. 
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surrounding a spot, and not with the nuclei, is most prob- 
ably correct I have myself observed this, and can con- 
firm his observations . 1 The statement, however, was 
violently attacked, which brought out the following reply 
from Respighi : — 

“ In bringing forward these characteristics of the chromosphere and 
of the solar eruptions in the locality of the spots as results of a period 
of observation, it was certainly not my intention to establish Unvarying 
laws and data, since I admitted that there are periodical variations in 
the solar eruptions, which would render it possible that these condi- 
tions also might be subject to great modifications and exceptions. 
Although I admitted this, I have been unjustly taxed with inaccuracy 
in my deductions from observations. If during other periods of 
observation some of these results failed, this ought to have been 
attributed, not to inaccuracy in my observations, but to the difference 
in the conditions prevailing in the two periods, differences in the sur- 
face and in the solar body. But this is not the spirit in which some 
astronomers work, some who, offering the greater part of these results 
as novelties originalingfrom their own observations, have not scrupled 
to denounce as inaccurate those few results which did not appear to 
agree with these observations of theirs, made during a totally different 
period, and during a state of strong perturbation in the solar activity. 

“ Thus they declared to be inaccurate the result of the depression and 
regularity of the red stratum in the locality of the spots,, and of the 
temporary conditions of calm in the regions themselves, because during 
those observations the chromosphere appeared irregular, being covered 
with small jets and abounding with frequent eruptions. But this fact, 
instead of contradicting the results of my previous observations, merely 
shows that during the period of great perturbation (in the locality of 
the spots, as well as throughout the whole of the solar surface) 
the solar activity is more energetic, and thence arise the iiregularities 
of the chromosphere and the greater frequency of eruptions. This 
fact also gives evidence of the great influence which the eruptions 
have on the production, transformation, and displacement of the 
spots ; since auring this period the appearance and disappearance 
of the spots were very frequent and the transformations continuous. 

“ But in spite of the extraordinary activity in this period, not a few 
also cases occur of spots being on the limb or near to it, without beihg 
accompanied by notable eruptions, and only with the chromosphere 
bright, low, and with some small jets. Among the results of my early 
observations, that of the great depression of the red stratum on the 
nucleus of the spots has been pronounced inaccurate: from which 
depression I was ted to suspect that perhaps on the nucleus the 
hydrogen does not exist in the luminous condition. 

u Tne argument brought against this conclusion of mine is founded 
on the fact that the red stratum in or over the nucleus of the spot is 
often sensibly elevated. 

1 See also Young, in Journal of Franklin Institute , No. 524, p. 142, 
Aug, i860, and quotation on page 629. 



63a 


SOLAR PHYSICS, 


no i f >1. 44 The argument would be conclusive if it had been proved that these 

risings of the chromosphere really occur on the nucleus ; while, on 
the other hand, they may appear on it only by projection ; a condition 
very easy to verify bv the eruptions or protuberances which generally 
abound on the surroundings of the nucleus itself. 

** To decide this question, we must select the most favourable condi- 
tions, that is we must follow the nuclei until they disappear on the 
solar outline, when the chromosphere is not sensibly altered by the 
projection of the protuberances to be found in the regions surrounding 
the nucleus. 

** It is precisely in these circumstances that I was very often able in 
1870 to observe that extraordinary attenuation of the red stratum, ami 
occasionally also breaks and indentations in it, in the precise locality 
of the nucleus : and in previous observations, notwithstanding the 
great frequency of the eruptions and of the little risings of the red 
stratum, i was able to observe the same fact in the spots which were 
v isible at the limb with the chromosphere calm, or in some favourable 
interval of quiet between the eruptions. 

Observing the spectrum of large spots near to the limb with the 
slit of the spectroscope tangential to it, and following them until their 
projection on the limb itself, l have been occasionally able to observe 
the real interruption produced by the spots on the solar limb, or on 
the limits of the photosphere, by observing that by the introduction 
into the slit the summit of the undulations of the outline, the stratum 
formed by their spectra was separated by a hand or line permanently 
dark, coinciding with the locality of the nucleus : and 1 have often 
ascertained that, at the disappearance of these rays, the spectrum in 
the locality of the spots remained dark until after the disappearance 
of the chromosphere But these observations are very delicate, and 
require exceedingly favourable conditions, which cannot be had with- 
out observing the large spots assiduously and patiently on their appear- 
ance or disappearance at the limb,” 1 


The fact, however* has been again absolutely denied 
by Father Secchi, in a paper communicated to the Paris 
Academy this year : — 

** Je dirais qu’apr£$ des centaines ^observations, je n r ai jamais 
rencontflf b chromosphere ahsente, ni sur ks laches, ni ailkurs,m‘^ 
;*ne fois, ou cettc cnveloppe dtaii absente dans Ktcndue de 1 ou ~ 
degr6i hdliocentriqucs, mats tda trtvloin de toutes !cs laches* et jc 
sms trH,dhp<w< h croirc que cela teiiait h Pintcrvention dc queique 
curbs inconnu, entre nous et !e soletL Cette observation fut * a,t ® 

2$ Ociobrc* 1871, k 107 degrds dc position du p6k solatre nord v 
Pest/' * 


1 Respighi, Note v, I ix: pp. 55-60. 

Compus Kcr.dx*, vol* Ixxvi. p. *053, 28th April, *<V3 
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III. Prominences — Faculce, 

From my observations, communicated to the Royal 
Society in 1870, it will be seen that I am inclined to asso- 
ciate the prominences with the brighter parts of the faculae ; 
I do not hold to an absolute connection; but I do hold 
to the lozenge as being the birth-place of prominences, 
although in the fainter prominences the pressure at work 
is too small, doubtless, to give rise to this appearance. 

Professor Respighi has stated his opinion on these points 
as follows. It will be seen that on one point we are not 
in agreement : — 

“ Generally in the locality of the facukc the protuberances or the 
eruptions are more frequent and more developed, and it seems possible 
to conclude that the facuJje are never unaccompanied by protuberances, 
while, however, there may be protuberances without faculae. 

44 Although near the faculte are commonly found large protuberances, 
yet their positions are not proved to be so coincident as to allow us to 
consider them inseparable. The protuberances and the jets lie near 
the facukc, but constitute a phenomenon totally distinct from them. 

44 On the other hand, this does not disprove that between these two 
phenomena the closest relations may exist ; nor does this exclude the 
idea that one of them may be necessarily dependent upon the other. 

I have duly considered the concomitance of the faculae with the 
protuberances and with the eruptions, and it seems reasonable to 
suppose that either from the faculce the protuberance is produced, 
or vice versa . 

44 Taking into consideration, however, that large protuberances are 
also seen near to the poles, in which regions there are no facuke, it 
seems to me more reasonable to suppose that the faculce may be a 
consequence of the protuberances, or rather of the solar eruptions ; 
from which might be produced in the photosphere condensations, local 
accumulations of that bright or inflamed substance which constitutes 
those points, or lucid' grains with which the solar superficies is covered; 
and this seems to me confirmed by the fact that those flames are so 
much the more vivid, the more violent and gigantic the jets by which 
they are accompanied. Nor to this can we oppose the fact (£t times 
verified) of faculse not accompanied by noticeable protuberances, since 
that may be explained by admitting that the faculas may be persistent, 
or remain visible after the cessation of the eruption. 

4i The presence of protuberances without faculce (a phenomenon 
often vended, especially fn the great distances from the equator) 
probably depends on this, — that to produce the facuke the eruption is 
not sufficient, but it is required that there should be special conditions, 
perhaps in the eruption, perhaps in the constitution of the photosphere 
in that place where the eruption is developing. 
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mjtr m. " In the spot zones probably the facula? arc more defined and more 

frequent, because the eruptions arc more frequent, more gigantic, and 

more violent, also the constitution of the photosphere is more varied 
or heterogeneous.” 1 

Father Secchi, who had at first arrived at the conclusion 
before referred to, now makes the following statement ; 
the italics are Seech t's own : — 

w Quant h la connexion entre les protuberances et les facules, on pent 
* dtablir cc qui suit : l*es facules aecompagnent invar table ment les jets, 
qurlque $ oil lt*r forme, mats les panaches en sont bien souvent in - 
drpemiants, s nr tout s'its soul petits." 5 

Again ; — 

*• Sous la denomination de jets, je comprends ccs flammes vives 
et brillantcs qu’on trouve surtout dans le voisinage des laches et dans 
la amronne bn Haute de facules qui les euvirottneP * 

‘Ml est remarquable que, toutes les fois que Ton observe un jet 
d\me grande vivacity au bord, on y voit aussi un faculcf. Je m'en 
suis eonvaincu cn observant Timagc sola ire projetlc et agrandie d.ms 
le dome noire dc l’dfua tonal de Cauchoix. Sans dome on ne peut 
pas attendre la r&iproquc, ccst-h-dirc & voir toujours une facule 
ou Ton trouve unc simple preeminence ftuagcusc, ear la lumiere cst 
moins intense, et les facules faibles disparaissent au bord. Mais en 
marquant les regions faculeu scs de rimage solaire, et attendant 
quVlles arrivent au bord f on trouve que Ih il v a toujours une plus 
grande quantity dc protuberances, ou au moins unc chromosphere 
plus <tflcv<Sc.i 

Sccchi gives a later description of the behaviour of some 
spots and facula:, and arrives at the following conclusions 

w I 4 Les indices d’druptioft des inches, constitute par le renverse 
ment des rales de rhydrogineet par les dilatations des raies des antics 
vapeurs mdaltiques, sent des indices rationnels et certains de Fexis- 
tcnce rtfelle de ces Eruptions. Cos modifications dcs raies sont alors 
F&jmvalcnt du renversement qu’on observe au bord*” (See notes V 
and C) 

2 s Les laches passent par deux pdriodes bien distinctes. cellc cle 
formation ct celle de dissolution ; la presence d f une tache au bord ne 
perroet pas de conclurc « Fcxistcnce ni cessaire d’une Eruption visible, 
car la tache pourrait bien £trc dans sa deuxi&ine phase de dissolution. 

* * * * On prouve encore ainsi que la tache est Vdfet des Eruptions ct 
qu’cHe en thfrive commc je Tai expose ailleurs, 
k< f Ainsi m trouve encore conhrm <5 ce que nous avons constate tan 
de fois, que les facules tr£s*vives, surtout en presence dcs tachev^ 11 

* Respighi, Note v. S vii. , 

* Compter Hindus % vol. lxxiiL p. 836, Oct, i8?i. 

1 Op. c*t, vol. dt, p. 828. October 1871* 

4 Op. eft, vol. Ixxii. p/355, 20th March, 1871. 
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accompagn&s par des Eruptions, et qu’elles ddterminent une <?l<5vation N0T e m 

assez sensible sur le bord solaire. Sans doute la facule n’est pas la '■ 

protuberance, mais comme sur ces facules il y a toujours ou eruption 
ou vivacite extraordinaire, avec soulfcvement de la photosphere, comme 
l’a prouve M. Tacchini, et renversement des rates metalliques, une 
elevation visible de la chromosphere elle-meme ne peut plus £tre 
contestee.” 1 

This precisely accords with the views I put forward in 
J uly 1 869, so far as the connection in question goes. 

NOTE N. 2 * 

The Expansion of Lines at the Base of 
the Chromosphere. 

With regard to the widening of F, Father Secchi at first NOTK N . 
admitted it, and accepted the explanation given : — 

“ J’ai encore portd mon attention sur la largeur des raies brillantes 
de la chromosphere, et j’ai constatd que, en gdndral, ies raies prinri- 
pales sont toutes trois plus larges k la base qu’au sommet, ce qui 
prouve Tinfluence de la prcssion exercde par les couches supdrieures 
sur les couches infdrieures, comme ii est naturel de Padmettre. ?,s 

He then began to doubt the fact, and endeavoured to show 
that with a large image of the sun it is not observed : — 

“ En effet, en employant Pimage directe, j’ai vu la raie F trds- 
briilante et en forme de fcr de lance, et en ouvrant un peu la fente on. 
voyait toute la protuberance et on relevait son contour ordinairement 
conique. Mais ces apparences s’dvanouissent en grossissant Pimage 
solaire, car la protubdrance acquiert alors un hauteur lindaire plus 
grande, et une largeur qui surpasse plusieurs fois la largeur de la 
fente. 

“ M. Lockyer insiste beaucoup sur Pdlargissement de cette raie F 
k la base, mais j’ai des doutes sur Pimportance qu’il lui attribue. En 
effet les lignes lumineuses F, C, ou autres que nous voyons, ne sont 
pas des objets reels : elles sont seulement Pimage de la fente dclairde 
par la lumidre d’une certaine rdfrangibilitd. Cette image doit, pour 
une ltimidre homogdne, dtre terminde par deux lignes paralldles, 
lorsque Pimage de la protubdrance a une largeur supdrieure k la 
largeur de la fente. Cest rdellement ce qtie je vois habituellement, 
car la raie F se prdsente avec une longueur apparente de i k 2 centi- 
metres 4 * et elle traverse parfois toute la large ur du spectre. Cette hgne 

1 Comptes Rendus , vol. lxxii. p. 320 (1871). 8 See p. 526. 

8 Op cit., vol. Ixix. p. 41, 5th July, 1^869. 

4 Cette manidre d’dnonccr la grandeur apparente est sans doute 

vulgaire, mais elle est assez commode pour donner une idee cle a 

grandeur du phdnoindne observ’d. 
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note n. csi toujour* tcrmin&r par une pointc eOilcv, comme les autrcs raics C 

~ et S'ti y a done une dilatation h $a base* die t>cut proven ir tic 

deux causes : i 3 d une irradiation, due h la vtvaeiuf de la lumiere, qui 
y produit une expansion apparente ; z \ d'une difference de nJfrangi- 
biiiu*, qui, ajoutant de ttOuVcaux rayons h drbite et *\ gauche d«Ha 
rate, IVHargit aussii Ces deux causes sent « 5 ga lenient possibles et 
probables, et il reste k ttotiv^ia veritable. 

M Cost d’abord tm faiemen constate* que l'intensitl de la lumicre ties 
protuberances tiVsl pas toujour* la ineme, et que {’irradiation est 
parfois assex forte $>our dormer h la rate C la forme de coin paraissant 
plus dilattV & oil elle cst plus vive ; rnais. en mettant sotgneusenunt 
au point focal de vision la feme, et surtout en ainplitiam Timage tie la 
protuberance* comme je le fa is habitucllenient, on trouve toujours une 
portion reetiligne tcrminA? par une poime. Et s'il y a un nuayc 
suspendu* on vo*t nettemertt le milieu du nuage rectiligne et les ex- 
tremit& en pointc effdee. Cette pointc* du reste, peut bien sVxpliqucr, 
soil jxir la density du nuage, soil par l interiMte de la Uimiere/* * 

He then described some experiments on hydrogen in 
tubes, and. admitting that the lines of the gas are under 
certain conditions enlarged, attributes this enlargement to 
the effects of temperature: — 

“ Si dans rhydrog&ne, on affaiblit gradudlement la tension de 
letmcdle, on rernarque que la largeur des rates Ha, HA Hy tliminue 
au*si, jusquW ce que, dans les tubes h grand section* dies disparais- 
sent o« dcviennem ires tines et h jx*mc visibles avec la menu: ouver- 
turc dc feme. 11 para it done quit y 4 une temperature Imme, pour 
sme densitc donnee, a laqudtc les rates brUlantes o f A y, de ce ga/ 
s'tSammissent, Mats quelle cm cctte .temperature ? Cost cc qua I est 
t res- difficile de determiner, fe dirai settlement qu Vile doit etre tres»- 
elcvcV, car le* tubes capilhires, qtiand le covirant a passe pendant 
iieelque* instant*, sVchauffem tellement, malgrd la grande cpaisscur 
du vtrre, qu’on ne peut pas les toucher, ..... On voit que I vleva - 
non de temperature donne a rimtrogene la propriety* de presenter, 
dans son spectre, des raics plus large*. Or les protuberances pre- 
sen tent leurs rates §]>ecfrales dargie* h la ba sc, pres du disque solairc ; 
au sornmet* les raics sent termindes cn pointc, la oil la temperature cst 
plus foible ; . . * . 

and considers that the lines in question may by their be- 
haviour enable us to estimate the solar temperature : 

* De ce que nous venons dc dire, il pa rail r&ultcr que la detenm- 
nation dc la temperature solaire pourra Htc clfectutV, si Ion reus* * 
fixer quelle est la temperature k laquelle, sous une cenaine prcssuoi , t 
gaz cense dc dormer des raiet brulante*/'* 

1 Com fit a Ktn(m, vol. Ixix. pp, 316, 317. 2n<l August, C ( *b 
1 <)p. dv, vol. Ux. pp. S3, S4, joth )<in M »S"o. 
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At length in March 1871, he admits the fact of the note m. 
widening of the F line in the solar spectrum : — 

“ Dans cette protuberance j’ai pu verifier aussi la structure de la 
raie F, en forme dc fer de lance, que je n’avais jamaig rcncontrde, et 
qui a dtd vu par M. Lockyer. J’ai vu aussi la dilatation de la raie C 
en forme de losange telle que la ddcrit cet auteur, ct les distortions 
des lignes D 3 et F, que je ddsirais vivement verifier.” 1 

M. Rayet admitted the widening of the line F, and also 
described that of the solar line h (HS) as early as the 
•middle of 1869: — 

“ L’examen de l’atmosphere solaire m’a montrd une ligne 

brillante situde entre G et H de Frauenhofer. ..... Cette raie 
brillantc, souvent globuleuse comme F, ne sc voit d’une maniere tres- 
nette que dans des circonstances favorables ” 2 

Young, before the eclipse of 1869, had seen the broaden- 
ing at the base, and also saw it (I saw the broadening of 
1474 in 1871) during the eclipse (p. 253) : — 

“ The F line in the spectrum of the great protuberance was abso- 
lutely glorious, broad at the base and tapering upwards, crookedly, as 
Lockyer has before often described.’’ 

NOTE O* 

Welling- up of Magnesium and Iron. 

The first observation of this phenomenon was that re- note o. 
corded in my fifth paper (see page 354), and since then the 
reversal of the magnesium lines has been repeatedly 
observed as an ordinary occurrence in the chromosphere. 

Tacchini has observed this upon two occasions, first 
on the 6th May, 1872® when it extended over arcs of 
from 12° to 168 in extent ; secondly, on the 18th June of 
the same year, when the whole limb exhibited the reversal 
of the b lines as I had previously observed.® On this oc- 

1 Comptes Rendus , vol. Ixxii. p. 363, 27th March, 1871. 

* Op. cit, vol. lxviii. p. 1321, 1869. 

* Professor Young’s Report of the American eclipse of 1869. 
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note o. casion he states that a difference in the light of the sun 
was distinctly visible to the naked eye. He states also 
that “ le nombre des petites facules drtait parfaitement 
d’accord a ved ln ^r^inice du magndsiym." 1 He has 
again observe^ {hdphenomenon in 1873 : — 

“ Tout r^cerament, j'ai euFbccasion de constater la presence du 
magnesium sur le bord entier, plusicurs fois de suite, du 20 au 23 
juin. La correspondance presque exactc des dates semblc indiquer 
une influence de la d&tinaison de 1’astrc ; mais, cn discutant toutes 
les observations, j'ai dt'jii dc'montrd, dans les Memorie , que cette visi- 
bility du magnesium correspond b dcs conditions spdcialcs de la surface 
du Solcil.” 1 

Tacchini also states that the luminosity of the b lines was 
in direct relation with the brightness of the chromosphere, 
and that 1474 also appeared *, and hence states, “ Le 
magnesium «Jtait done abondamment rlpandu, avec le fer, 
dans toutc la chromosphere, mais avec une intensity trds- 
variablc, et sans rapport marqul avec les pdles du Soleil.” 

He gave a curve showing the intensities of the lines on 
the solar disc* 

NOTE P. 

Solar Outbursts and Magnetic Storms. 

notf. r. -In connection with the solar storm of April 21st, 1869 
“ (see page 236), I wrote to Dr. Balfour Stewart, and 
asked him if he* had observed any corresponding dis- 
turbance of the magnets of the Kew Observatory. He 
sent me a sun picture for the day, and stated that there 
was no disturbance. 

Young has, however, since persisted in the inquiry, and 
records several cases of coincidence between solar and 
magnetic storms, and to him belongs the full credit of 
calling attention to the possible connection. 

1 Compttt Rettdus, vol. Ixxv. pp. 24 and 25 - 

* Op, cit., yoI. Lxxiv. p. 1577, June 30, 1873. 

* Op. cit., vol. cit., p. 1578, el seq. 
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His first communication appears in the Boston Journal note p. 
of Chemistry , l and relates to a storm in September 1871. 

The following is a later communid|tipn >rf% , 


ctflU i\t V » J* **-*»/, »»» SWOyOlUlUUgU probably iuc 

greatest magnetic disturbances are due to terrestrial causes, or at least 
‘are only indirectly results of solar or cosmical influences, yet, on the 
other hand, every solar paroxysm does have a distinct, direct, and 
immediate effect upon the magnetic elements. Thus on August 3 such 
solar paroxysms were noted at 8.45, 10.30, and 1 (.55, also on August 5 
from 6.20 to 7.30 a.m. (Sherman time), and the last was the only out- 
burst during the day. 



Fig. 175.— Diagrams showing magnetic storms coincident with solar outbursts. 


44 Now the annexed figure (Fig. 175), from a photographic copy of the 
vertical force curve for these days at Greenwich, shows marked and 
characteristic disturbances at the points indicated, which, allowing for 
the longitude, correspond to the very instants when the solar disturb- 
ances were noted. Further comparisons of such phenomena will be 
necessary to establish the conclusion with absolute certainty ; but m 
the meantime it seems altogether probable that every solar disturbance 


* 1 Vol, v. 1871. p» 68. 

*' Nature y vol. iii. p. 107, December 12. 1872. 
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receives an immediate response from the earth, and that the magnet i** 
impulse travels with, sensibly, the velocity of light.*' 

The following letter from the Astronomer Royal raises an 
interesting question : — 

*lu the French C*mp$kl0m<fas of August 4* which has latciv 
reached this country, h aa^tcount by Father Secchi of a remarkable 
outburst from the sun # s ftfitb witnessed by him on July 7, which last d 
from 3 h. 30 ni* to 6 h; 59 m. * Roman time, I presume), or neariv 
2 h. 40 m. to 6 h. om.^Creenwich time). 

“ A magnetic storm commenced at Greenwich at 5 h. o m. precisely on 
the same day. Its indications began at that time with unusual sudden 
ness and strength, op all the magnetic indicators -namely, the declina- 
tion needle, the homonta! force magnetometer, the vertical force mag- 
netometer, the earth-current wire, in an approximate NAV. and S.E. 
direction, and on the earth-current wire in an approximate NAV. and 
S.E. direction. The disturbance lasted, gradually diminishing, to the 
evening of July 9* During a part of the time it was accompanied with 
aurora. 

44 i do not venture upon the question whether there really was any 
connection between the solar outburst and the terrestrial magnetic 
storm, but 1 will remark that, if there was such connection, the trans- 
mission of the influence from the sun to the earth must have required 
2 h. 20 m. ; or a longer time, if Father Secchi did not see the real begin 
ing of the outburst. This, if established, would be an important 
eosmteal fact ; and, at any rate, the notification of this apparent 
retardation may direct the attention of observ ers of similar phenomena 
in future to a new element in their interrelation/** 


NOTE Q.* 

Simplification of Spectra by Reduction of 

Pressure 

On the 5th of May, 1869, Do Frankland and myself 
communicated our first results on the simplification of 
spectra by reduced pressure, which have since been fol- 
lowed up with important consequences (see p. 534) i anc * 
wc pointed out that this might be the cause of the simple 
spectra of the nebula?. 

The observations recorded on p. 530 were thus referred 
to by Sir William Thomson as - President of the Hrili^h 
Association at the meeting in Edinburgh in 

1 A 'afurr, vol. vi p> 328, August 22, 1872. 

* See p. 530. 
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“ Stokes’s dynamical theory supplies the key to the philosophy of 
Frankland and Lockyer’s discovery. Any atom of gas when struck 
and left to itself vibrates with perfect purity its fundamental note or 
* notes. In a highly attenuated gas, each atom is very rarely in colli- 
sion with other atoms* and therefore is nearly at all times in a state 
of vibration. Hence the spectrum of a highly attenuated gas consists 
of one or more perfectly sharp bright lines, with a scarcely perceptible 
continuous gradation of prismatic colours. In denser gas each atom 
is frequently in collision, but still is for much more time free, in inter- 
vals between collisions, than engaged in collision ; so that not only is 
the atom itself thrown sensibly out of time during a sensible propor- 
tion of its whole time, but the confused jangle of vibrations in every 
variety of period during the actual collision becomes more considerable 
in its influence. Hence, bright lines in the spectrum broaden out 
somewhat, and the continuous spectrum becomes less faint. In still 
denser gas each atom may be almost as much time in collision as free, 
and the spectrum then consists of broad nebulous bands crossing a 
continuous spectrum of considerable brightness. When the medium 
is so dense that each atom is always in collision, that is to say never 
free, from influence of its neighbours, the spectrum will generally be 
continuous, and may present little or no appearance of bands, or even 
of maxima of brightness. In this condition the fluid can no longer be 
regarded as a gas, and we must judge of its relation to the vaporous 
or liquid states according to the critical conditions discovered by 
Andrews.” 

Nevertheless Mr. Huggins saw in our results no new 
idea or discovery, but simply a plagiarism on his own work, 
in which there had been no variation of pressure or passage 
from a dense gas to a rare one, or vice versd, at all; and on 
the publication of our paper he addressed the following 
fetter to the editor of the Chemical News : — 1 

“ GASEOUS SPECTRA. 

“Sir, — I n the paper on ‘Researches on Gaseous Spectra in relation 
to the Physical Constitution of the Sun, Stars, and Nebulae/ by Dr. 
Frankland and Mr. Lockyer, as reported by you, the authors, do not 
notice similar observations which I presented to the Royal Society in 
April 1868. I send you the following extracts from that paper, which 
is printed in the Phil Trans . for 1868.— I am, &c., 

“ William Huggins. 

“‘The following observations are suggestive in connection with the 
point under consideration. Electrodes of platinum were placed before 
‘ the object-glass in the direction of a diameter, so that the spark was 
as nearly as possible before the centre of the lens. The spark was 
taken in air. I expected to find the spectrum taint, for the reasons 
which have been stated in a previous paragraph (the diminution pf.,the 

1 Chemical News, July 9, 1869. 
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notk q, brightness of the spark from the distance at which it is placed from 

the slit), but I was surprised to find that only one line was visible in 

the large sjnxtroscope when adapted to the cve-cnd of the telescope 
This line was the one which agrees in position with the line in the * 
nebula, so that under these circumstances the spectrum of nitrogen, 
appeared precisely similar to the spectra of those nebuke of which 
the light is apparently monochromatic This resemblance was made 
more complete by the faintness of the line; from which, cause it 
appeared much narrower* and the separate existence of its two compo- 
nents could no longer be detected. When this line was observed 
simultaneously wnth that in the nebula, it teas found to appear but a 
very little broader than that line. When the battery circuit was 
completed, the line from the spark coincided so accurately in position 
with the nebular line that the effect to the eve was as if a sudden 
increase of brightness in the line of the nebula had taken place. In 
order to make this observation, and to compare the relative. appear- 
ance of the tines, the telescope was moved so that the light from the 
nebula occupied the lower half only of the slit The line of the spark 
was now seen to be a very little broader than the line of the nebula, 
and appeared as a continuation of it in an unbroken straight line! 
These observations were repeated many times on several nights.’ 

<P. 54*> 

*•* I he double line in the nitrogen spectrum does not consist of 
sharply defined lines* Inst each component is nebulous, and remains of 
» a greater width than the image of the slit.* The breadth of these 
lines appears to be connected with the conditions of tension and of 
temperature of the gas. Mucker* states that when an induction-spark 
of great heating power is employed, the lines expand so as to unite 
and form an undivided hand. Even when the duplicity exists, the eye 
ceases to have the power to distinguish the component lines, if the 
intensity of the light be greatly diminished. 

** 4 Though l have been unable to detect duplicity in the correspond- 
ing line in the nebula, it might possibly be found to be double if seen 
under more favourable conditions : I incline to the belief that it is not 
double,* 

In my tables of the lines of the air, 4 I estimated the brightness of 
each of the components of the double line in the spectrum of nitrogen 
at to, and the components of the double line next in brightness in 
the orange at 7 and 5, and those of a third double line on the h >> 
refrangible side of D at 6 and 4. It was with reference to these two 
double lines next m apparent brilliancy that 1 wrote,* in speaking of 
the line in the nebula, “ If, however, this line were due to nitrogen, we 
ought to see other tines as well ; for there are especially two strong 


1 Secehi states that with his direct spectroscope this line in 
annular nebula in Lyra appears double. As the image of the nebu a 
is viewed directly, after elongation by the cylindrical lens, and witnon 
a slit, it is probable that the two lines may correspond to the two sjr 1* 
of the elongated annulus of the nebula. 


%J:*A$ 7 . Trans * 1863, p. 13, _ 

P **0n the Spectra of the Chemical Elements, 1 " Phil. 7r<vt*. 
p. 141. 4 I hist. * Ibid* P* 44 V 
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double lines in the spectrum of nitrogen, one at least of which, if they 
existed m the light of the nebula', would be easily visible.” 

As the disappearance of the whole spectrum of nitrogen, with 
the exception of the one double line, was unexpected, though, indeed, 
m accordance with my previous estimations, l examined the spectrum 
of nitrogen with a spectroscope furnished with one prism with a 
refracting angle of 60 , in u f hich the w’hole of the spectrum from C to 
V ud , ,n v i ew - I then moved between the eve and 

the little telescope of the spectroscope a wedge of neutral-tint glass 
corrected for refraction by an inverted similar wedge of crown glass, 
which I had found to be sensibly equal in absorbing powder on the 
different parts of the visible spectrum. As the darker part of the 
wedge was brought before the eye, the two groups in the orange were 
quite extinguished, while the lines in the green still remained of 
considerable brightness. The line which under these circumstances 
remained longest visible next to the brightest line, was one more 
refrangible at 2669 of the scale of my map. This observation was 
made with a narrow slit. When the induction spark w-as looked at 
from a distance of some feet with a direct-vision prism held close to 
the eye, I was surprised to observe that the double line in the orange 
appeared to me to be the brightest in the spectrum, and when the 
neutral-tint wedge was interposed, this line in the orange remained 
a « n < e v * s *^ e * other lines being extinguished. 

4 When, however, in place of the simple prism a small direct- 
vision spectroscope provided with a slit was employed, I found it to be 
possible, by receding from the spark, to find a position in which the 
double line in the green, with which the line in the nebula coincides, 
was alone visible, and the spectrum of the spark in nitrogen resembled 
that of a monochromatic nebula. 

It is obvious that if the spectrum of hydrogen were reduced in 
intensity, the line in the blue, which corresponds to that in the nebula, 
would remain visible after the line in the red and the lines more 
refrangible than F had become too feeble to affect the eye. 

It therefore becomes a question of much interest whether the one, 
two, three, or four lines seen in the spectra of these nebulae represent 
the w’hole of the light emitted by these bodies, or whether these lines 
are the strongest lines only of their spectra which, by reason of their 
greater intensity, have succeeded in reaching the earth. Since these 
nebulas are bodies which have a sensible diameter, and in all proba- 
bility present a continuous luminous surface, or nearly so, w>e cannot 
suppose that any lines have been extinguished by the effect of the* 
distance of these objects from us. 

“ ‘If we had evidence that the other lines which present themselves 
in the spectra of nitrogen and hydrogen were quenched on their way . 
th us, we should have to consider their disappearance as an indication 
of a powder of extinction residing in cosmical space, similar to that 
was suggested from theoretical considerations by. Ch^seaux, • 
and was afterwards supported on other grounds by Olbers and the 
eld£r Struve. Further, as the lines, which we see in the nebulas are 
precisely those which experiment show s would longest resist extinction, 
at least so far as respects their power of producing an impression on 
our visual organs, we might conclude that this absorptive property of 
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sort q. space is not etertivi ir its action on light, but is of the character of & 

gtwral absorption acting equally, or nearly so, on light of every 

degree of rcfrangibiHtv. Whatever may he the true state of the 
case, the result of this re-examination of the spectrum of this nebula 
appears to give increased probability to the suggestion that followed 
from my former observations, namely, that the substances hydrogen 
and nitrogen arc the principal constituents of the nebula.* of the class 
under consideration.' — (Fp. 543, 544 ) 

To this Dr. Frank land and myself sent the following 
reply: — 

84 Gasf.ol s Spixtr A. - 7e ///<* Editor of tht Chrmiutl AVreri 

48 Sir, —Our attention has been drawn to a letter from Mr. W. 
Huggins, in your impression of the qth instant, stating that, in n 
recent note to the Koval Society jn which w<* announced that, hv 
varying the conditions uf pressure and temperature, we had reduced 
the spectrum of hydrogen, as seen in our instrument, to one line 
absolutely, and the spectrum of nitrogen to one line nearly), we did 
not notice simdar observations of his own presented to the Royal 
Society in t86S£. In reply, we beg to Mate first, that we did notice 
Mr. Huggins’ observations, and, secondly, that they were not similar 
to our ow n. 

i8 With regard to the first point. The account you were good enough 
to publish contained the following : The bearing of these latter ob- 
servations on those made on the rtebube bv Mr, Huggins, Father 
Seech?, and Lord Kos.se is at once obvious. The visibility of a single 
line of nitrogen has been taken bv Mr, Huggins to indicate possibly — 
first, 4 a form of matter more elementary than nitrogen, and which our 
analysis has not yet enabled us to detect;* and then, secondly, * a 
power of extinction existing in tuunieal space/ 

44 4 Our experiments on the gases themselves show not only that such 
assumptions arc unnecessary, but that spectrum analysis here presents 
us with a means nf largely increasing our knowledge of the pin sio.d 
constitution of these heavenly bodies/ 

44 Wc thus gave briefly the results of Mr. Huggins* inquiries, and 
references to where a complete account of his observations were to be 
found. 'Hus we considered to lx* sufficient, seeing that our communi- 
cation was a preliminary note only. In the complete account of our 
researches, to be subsequently presented to the Koval Society, wo 
shall, of course, dwell upon them at greater length. 

44 With regard to the second point— the similarity of the 'observa- 
tions. In 1864, Mr. Huggins first observed the spectrum of uw 
nebula?, and determined that one of the lines was coincident with one 
of the air lines due to nitrogen, the spark being taken dose to the spec* 
troscope, On this Mr, Huggins wrote The speculation pr^e * 
itself, whether the occurrence of this one line only in the nebula: m> 
not indicate a form of matter more elementary than nitrogen. * 
which pur analysis has not yet enabled us to detect. ^° m< 

* Chtmuat N*U's t July 30th, 1869. 
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afterwards, Mr. Huggins, instead of taking the air-spark close to the 
spectroscope, placed it outside the object-glass of his telescope, and 
* then only saw one line in the spectrum— the line in question. He next 
got similar results close to the spark by interposing a dark glass to cut 
off the light, still using the spark in air at the ordinary pressure, and 
remarked that it was 1 obvious * that the hydrogen spectrum would 
give similar results. Then, after stating 4 we cannot suppose that any 
lines have been extinguished by the effect of the distance of these 
objects from us,’ lie refers to the possibility of a 4 power of extinc- 
tion residing in costnical space/ and the hypothesis of the more simple 
form of nitrogen appears to be given up. 

“Now, with regard to our own observations, we have not taken the 
spark in air ; we have not used a dark glass ; we have not worked at 
atmospheric pressure ; nor have vve disturbed the normal distance of 
the experimental tube from the slit of our instrument until we have 
reduced the complicated spectrum of nitrogen to one bright line and 
three or four other extremely faint ones. Further, we have not rested 
content with any assumption with regard to hydrogen, nor have we 
regarded anything as obvious. 

“ What we have done is to carefully watch both spectra changing as 
the pressure becomes less, trying the effect of increased and decreased 
temperature at every stage under various conditions, which we shall 
state in our detailed paper. 

“It may be as well to refer, in conclusion, to Pliickers important 
work on nitrogen, which shows that, under certain conditions, the 
green line of nitrogen vanishes altogether from the spectrum. This 
fact alone shows at once the importance of our method of inquiry. 

“ We are, &c., 

“K. Frankland. 

“J. Norman Lockyer. 

“ Royal College of Chemistry , Oxford Street , 

“July 23, 1869." 

I» this case, as in the former one, Mr. Huggins has 
neither substantiated his statement nor withdrawn it. 
Instead of this, he has reiterated it , 1 taking no notice of 
our reply ! 

After the notes on the function of pressure had appeared 
in the Proceedings of the Royal Society , Herr Wiillner pub- 
lished a memoir on the subject, in which he ascribed the 
changes observed to temperature. He has since, however, 
changed his opinion, and now supports the view put for- 
ward by Dr. Frankland and myself. M. Salet, however, 
ascribes these changes to temperature merely . 2 

1 See Proc. R.S., vol, xx. p. 383, Note. , 

* Thesis read before the Faculty of the University of Pans, p. io. 
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More recently, Schuster 1 has discussed the action of 
electrical resistance in these terms : — 

*• We cannot alter the pressure of a gas without altering its electric 
resistance, ami, therefore* also the strength of the electric current and 
the heat 4 developed. We can only decide the question by subjecting 
the gas at the saw* temperature to different pressure. Now have there 
ever been any such experiments made ? i think there have, and even 
very decisive ones. Kranklaml and Lockycr have found that if we 
increase the pressure of hydrogen while an electric current is passing 
through it. the lines begin to expand till the spectrum becomes con- 
tinuous, and finally the resistance becomes so large that the electric 
current will not pass at all. On the other hand, Oassiot and Plucker 
have observed that, if vve diminish the pressure of hydrogen, its electric 
resistance force diminishes, attains a minimum, then increases again, 
and if we keep on exhausting the tube, it becomes again so great that 
the current cannot pass* 11m ker says that a tube exhausted to its 
utmost limits shows the lines of hydrogen and silica, lie mentions 
at one place, 1 think, that the lines are very hue and distinct. If 
there would have been any widening' he would have been sure to 
mention u. Now a is not too much to assume that the resistance of 
the gas at the moment when the discharge just ceases to take place is 
the same whether the in reuse of resistance is produced by too great 
a pressure <>r too great an exhaustion. At this moment, therefore, the 
current is the same, and the same energy must Ire converted into heat 
by resistance. Hut in the case in which the current does not pass on 
account of the excessive diminution of pressure, only a much smaller 
quantity of gas has to be heated than in the other case. It must, 
therefore, be heated up to a much higher temperature, and yet the 
spectrum is not continuous and the lines are not even widened. We 
are, therefore, compelled to accept Frankland and Lockyer’s original 
conclusion, that pressure and not heat is the cause of the widening ol 
the hues. 

44 The question i* one of considerable importance. If temperature 
would widen the fines, the widening ought always to begin at the same 
temjKrratufc, and the hydrogen in the solar protuberances which shmv 
only narrow lines could not lx* at a higher temperature than the 
hydrogen in our vacuum tubes, the moment the Hues begin to widen. 
If our conclusion, however, is correct, the breadth of the lines will 
give us no indication whatever as to the temperature of the gas.” 

* vok viu, p. 496. 
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Instructions to Observers. of the Eclipse of 1871. 

I . — Instructions for the Polari scofic Observations of the Corona, 
including Beams and St reamers, 

I r is recommended that the polariscopic examination of the corona appendix 
be carried on as follows : — 1. 

1st. — To examine a detached and selected part of the corona about — 

6' from the limb of the sun, and say about 8' in diameter. 

2nd.— -A field extending from the limb of the sun outwards should 
be examined either with a Nicoi’s prism or a double-image prism. 

3rd. — 'The light of the streamers at some distance from the sun 
should be examined with a Nicol and a crystal. 

4th. — The polarization of the corona should be examined in such a 
manner as to eliminate atmospheric polarization. 

Note. — T he most suitable instruments for ascertaining the plane of 
polarization and the proportion of polarized to unpolarizcd light are, — 

(1) A double-image prism. 

(2) Savart’s polari scope. 

(3) A plate of quartz consisting of two compensating wedges. 

(4) A plate of Arragonite, or calc spar, cut perpendicular to an optic 
axis, and affixed to an analysing prism. 

(5) A polari meter consisting of four plates of glass, movable on an 
axis perpendicular to the plane of polarization. 

(6) A compound plate of right-handed and left-handed quartz. 

First Observation . — The object of this observation is to observe the 

polarization (if any) of the corona without having the observers 
attention distracted by the chromosphere. A Savarts polariscope is 
recommended by preference. The NicoFs prism of the polariscope 
should be set beforehand with its principal plane (or plane of symmetry) 
radial, i c. perpendicular to the sun’s limb, and the observer must note 
whether bands are visible ; and if so, whether they are black-centred 
or white-centred. Should the bands be feeble, it will be well to rotate 
the polariscope, prism and plates of course moving together, and 
quickly restore it to its primitive azimuth, after having noted the 
estimated azimuth of the Nicol when the bands are strongest and 
black-centred. Should no bands or only dilute bands be seen, it may 
be that the corona, though polarized, is overpowered by other hgnt ; 
and the observer will move the telescope from the sun, radially 11 u 
may be ; if in any other direction, rotating the polariscope so as to 
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render its principal plane radial in the new position. He will then 
note whether, though the light becomes feebler, the bands become less 
dilute. 

Should, on the other hand, the bands be strong, after having satisfied * 
himself as to the plane of polarization, the observer will endeavour to 
make out whether by means of the polarization of its light the corona 
can be detected superposed on the chromosphere. He will, therefore, 
move the telescope towards the sun, keeping the principal plane of the 
polartseojjc radial, and note how near the sun the minds can still 
be seen. To provide for the contingency of this observation, it will b t 
well to point in the first instance to the side of the sun which will lx 
first uncovered. 

If lime permit, he should try whether there is any sensible quantity 
of polarized light on the dark disc of the moon, rotating the analyser 
and determinating the plane of polarization. 

S/cmd Ohrrzuttion , — The special object of this observation is to 
differentiate, if possible, between the corona, on the one hand, and the 
chromosphere, or whatever else may be self-luminous (be it even 
a portion of the corona itself)* on the other. This will be possible 
if the light of the corona be strongly polarized, so as to admit of 
comparative extinction by an analyser. The observer should turn the 
analyser so as to extinguish, as far as may be, the light of the corona 
in the neighbourhood of a radius depending on the angular position of 
the analyser. He should notice the form, colour, and general appear- 
ance of any residual luminosity other than the well-known protuber- 
ances ; should contrast the appearance, especially as to colour, with 
that seen when the light is analysed so. is to retain light from the same 
region polarized in the perpendicular direction, and should ask himself 
whether the luminosity is such as could be accounted for by the 
superior brightness near the sun of the unanalysed light, even though it 
were to suffer the same proportionate loss by analysis as the corona at 
a greater distance. 

Of the instruments named, the Nicols prism is better adapted fora 
general survey, not requiring any limitation of field ; the double-image 
prism h better adapted for a comparison of the oppositely polarized 
images, since the observer can conqure them dint tty % not one with Jus 
memory of the other. The double-image prism will require a diaphragm 
with a long and moderately broad aperture in the focus of the eye* 

E iece, routing with the prism, and in the observation the length should 
e placed in a radial direction. 

Third Observation ; — The observation of the streamers as to polari- 
zation might throw much light on their nature, and the observer who 
undertakes this observation, by means of a Sa van's polariscope, or 
else of a .Nicoi's prism capped with a plate of calc spar or arragonite. 
will be in a condition to determine with advantage the plane of polari- 
zation, if there be polarization, of the corona generally. Jhit me 
streamers must be his first object. , 

Fourth Oh&rvatiou*— It has been supposed by some that U1 ^ 
polarization observed in the corona was really due to the 
illumination of the intervening portion of the earth's atmosphere- 
other words, to the illumination produced by reflexion from c » 

&c. f towards the horizon. This effect may be eliminated by *> * 
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a Savart's polariscope, or, better, a polariscope with quartz wedges, 
and turning the instrument till the bands (if any) seen on the moon's 
• disc disappear. The corona can then be scrutinized as to polarization, 
and the polarization examined in different azimuths of the N'icol’s 
prism relative to the radius drawn from the sun's centre, by pointing 
the telescope instead of rotating the analyser. In this observation the 
observer has the choice of two rectangular azimuths of the polariscope, 
for each of which the bands (if any) on the moon disappear ; and if 
no bands be seen on the moon he is free to scrutinize the polarization 
of the corona by turning the polariscope. 

The atmospheric polarization may also, be very conveniently 
eliminated by means of a bi-quartz polariscope, which is previously 
set, so that the line of junction shall mark the plane of polarization 
of light which gives the two halves purple alike, and which has the 
right-handed 1 half marked. The instrument is turned till the two 
halves seen on the dark moon are coloured alike (whether purple or 
yellowish to be specified), and the colours of the extremities of the 
segments of the corona contiguous to the line of junction are to be 
observed, both when the corona is bisected and divided unequally. 
The polariscope should then, if time permit, be turned through 90°, so 
as again to get the segments of the dark moon coloured alike, and the 
observation repeated. 

General Remarks . 

The object-glasses of all telescopes intended to be used in polariscopic 
observations should be examined before departure as to their freedom 
from defects of annealing. 

All polariscopcs including a NicoFs prism, or tourmaline, should be 
marked, so that the principal plane may be readily known by feeling % 
as sight-marks might fail for want of light. Double-image prisms 
should have one side of the aperture in the diaphragm marked so as to 
distinguish the two images. 

Each observer will be held responsible for the proper marking of his 
own instrument, and for the correct description of the relation of the 
marks to the instrument, and to the phenomena observed by means 
of it. 

II . — Instructions for the Spectroscopic Observation of the 
Chromosphere and base of Corona . 

Note. — T he objects to be obtained arc : — 

1. To determine the actual height of the chromosphere as seen with 
an eclipsed sun ; that is, when the atmospheric illumination, the effect 
of which is doubtless only partially got rid of by the Janssen-Lockycr 
method, is removed. If the method were totally effective, the C line, 
the line of high temperature, should hardly increase in height ; but 
there can be little doubt that the method is not totally effective, so the 
increase in height should be carefully noted. 

2. To determine if there exists cooler hydrogen above and around 
the vividly incandescent layers and prominences. To do this the band 
of the spectrum just above the stratum, which giv es the hydrogen lines 
before totality and during totality, should be careful!}' examined, to 

1 N.B. A>/ right-hand half. 
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a we mux notice (a) if any traces of the hydrogen spectrum exist above the region 
i which before totality gave the hydrogen lines, and (A) what linen 
extend outsulc the hydrogen spectrum, and whether they also exist 
with it in the lower strata. 

5. To test the American observations of last year as to the 
existence of a line at §474 in the corona spectrum, by seeing if 
it be visible above the region which gives the hydrogen spectrum. 

4. To determine whether any other gases or vapours are ordinarily 
mixed up with hydrogen, but remain invisible with the unedipsed sun in 
consequence of the absence of saliently brilliant lutes in their spectra. 
The observations should be conducted as follows ; — 
t. Work with a horizontal sht, or a slit in a parallel of declination, 
according to the instrument used, whether altazimuth or equatorial. 

2. See that the spectroscopc*tclcscopc works easily, so that sweeping 
along the spectrum is easy. 

3. Find before totality an average plain-topped region of the 
chromosphere, where some motion on either side den s not brighten, or 
thicken, or lengthen the lines near the part covered at the commence- 
ment of totality. 

4. Observe this lxT*re and during part of totality, the telescope 
being driven by the clock if an equatorial is used. 

5. just before totality sweep from red to violet ; note the lines and 
their lengths; mark the 1474 line and the Inns between band E 
carefully. 

6. immediately after the commencement of totality sweep luck ; 
note new lines - their heights ; especially the comparative heights of 
C, near I>, F, and near < k with these former heights ; and especially 
whether band over A, and the thickness of F. Note also the lines 
between 1> anal *474. 

7. Just before the end of totality unclamp and bring back the slit to 
the joHauring limb of the moon ; and note the extinction of the spec- 
trum by the reappearance of the sun, if possible by a rapid sweep ; if 
this is not possible, then watch the Irchaviour of F ; sweep back again 
to see if there be any variations from 15 j in the new teg ion now 
obsci val 

B. Carefully note position angle where slit cuts limb. 

9. Record tine impressions of facts, and facts not already noted, ns 
won as fat ub 4v 

HI, — Instructions for tfu Spectroscopic Observation of the Corona . 

Note.*- The word corona is here used for convenience, to include 
all the light alK>ve the prominence*. It therefore includes that part of 
the «. hromospherc which is generally veiled to us when observations 
arc made by the Janssen- Lockyer method. 

The principal object to lx: obtained is :~ 

To determine whether it h possible to differentiate the outer layers 
of irregular outline and the streamers from a stratum say some 5 or 6 
high round the sun, winch may possibly be the limit of the gaseous 
envelopes above the photosphere. 

To attack this question, we require a long slit, a large aperture, 
a long collimator, with large angular aperture and small dispersive 
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power. The slit must be adjusted on a faint cloud before totality, and 
on no account is it to be touched before observations of a similar cloud 
can be made alter totality, by the head of the party. 

* The most important observation to make is, whether there are any 
dark lines in the spectrum at any distance from the sun ; and if so, at 
what distance, and their exact positions. 

Next, whether there are any bright lines ; if any, their positions 
must be noted ; it must be especially seen whether the lines recorded 
by the American observers are again visible. 

The observations should be conducted as follows ; — 

1. In each party one observer should arrange the instrument so that 
the image of the following limb of the moon, at the point of its first 
contact, will fall on the left-hand side of the slit, placed marly 
horizontally . 

2. See if corona is visible before totality. When visible, note its 
spectrum with the utmost care. Note whether the spectrum is con- 
tinuous or (discontinuous. Note especially, if bright lines are visible, 
whether they are all of equal height. 

3. After this, if there is still time, move the instrument in azimuth, 
so that the chromosphere on the preceding side is visible ; this may 
settle some doubtful lines. Then observe the corona after totality, if 
possible. 

Another observer should work with a vertical slit, and observe the 
corona above and below the moon. 

IV . — Some Particulars to he especially noticed by those Observers 
who make Drawings of the Corona . 


1. Its extent. If there is no definite boundary, this should be 
stated . 

2. Whether there is any change. (All changes must be most care- 
fully shown in any manner the artist may prefer). 

3. Whether there are any streamers. 

4. All tints and changes of tint, and whether the colour is distri- 
buted in patches, or disposal in any geometrical form, or whether it 
exhibits any particular relation to the prominences. 

5. Whether it consists of a level patch of luminous haze, or radiating 
beams of light, or of pairs or bundles of hyperbolic rays. 

6. If of radiating or other beams, whether they are evenly dis- 
tributed all round, or in groups only. 

7. Whether the dark intervals between such radiating beams are 
constant or fluctuating. 

8. Whether it is concentric with the moon. 

9. Whether it is equally intense all round the moon. 

10. Whether the outer border exhibits any coruscations, or whether 
its definition is permanent and equally pronounced all round. 

1 r. Whether the light of the corona is more intense or less so in the 
immediate neighbourhood of the prominences. 

12. How much darker the moon’s disc is than the sky outside the 

corona. 

13. Whether the fading is sudden or gradual from the moon s limb. 
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JProfessor Respighi's Memoir on the Frequency or the Pro- 
tuberances AND THEIR PERIODICAL VARIATIONS V AND ON THE 

Distribution or the Protuberances over the Surface of 
the Sun, and their Periodical Variations** 

appendix Sectroscopic observations show us the protuberances which arc 
n. really on the solar circumference, and more than this, all those that 
are on one or on the other side of the limb which are elevated 
enough far their summits to project above it. As the heights of the 
protuberances are very variable, and their distribution over the solar 
surface rather irregular, it is impossible to form a correct idea of 
the number of them which exists at any moment on the surface of 
the sun* 

Nor does the rotation of the sun furnish us with a method for 
making this computation, on account of the diversity of height in the 
protuberances, their different persistencies, and the various durations 
of their visibility in correspondence with their polar distances. 

The computation would lie less difficult for the small protuberances 
which, on account of the rotation of the sun, do not remain visible for 
more than one day, since wc coAld obtain their totality from the mean 
sum of the number of those which were observed on the days making up 
the entire rotation, or from the average of the diurnal numbers multiplied 
by 2/ '.3, the mean duration of the rotation ; but among these protube- 
rances are also others much higher, visible only at their summits. 

By a calculation which I made of the total number of the protube- 
rances under the height of jo\ without taking into account the 
small jets which were on the surface of the sun during the period 
of the greatest frequency and this was towards the end of last year , 
there would not be so many as 400: while in the period of the least 
frequency (which would correspond to the beginning of 1 870 this 
-number would have been below 250, supposing the protuberances to 
be uniformly distributed over the surface of the sun, or over the 
several meridians. With regard to the large protuberance*, that is 
those not less than ! or more than three terrestrial diameters in 
height, taking as a basis the number of these protuberances observed 
during the whole period of observation in the several solar rones; 
and supposing that from the pole to 10* polar distance the protube- 
rances higher than Tare all visible on the same day, and that at the 
equator, on the other hand, one of these protuberances may be visible 
for one day only, by reason of the solar rotation; and supposing, 
besides, that in every rone or parallel they are distributed with 
uniformity ; I find that* in an average result, the number of the large 
protuberances all over the surface of the sun is below twenty. 

These numbers must, however, be considered as only roughly 
approximative* and then even scarcely sufficient to give us any 
probable idea of the total sum of these centres of eruption on the 
solar surface* 

1 Extract from his 5th Note. 
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_ C 1 *« number of the protuberances which we may A pwvnnr 
solar outline, we cannot form a correct idea 
of tll^wtal 4 ^^j^ose that ate on the solar surface, still we 

can, frjate” the, l4;;jtlie diurnal results, obtained by me from a 

contifH^d 4 a sure indication of the greater or less 

fre<|d^i|^ r . ^ and so of the greater or less activity 

of, the ''iqjn from these data, it is found that the 

frequency of Ihil phenomenon is variable in different parallels, in 
different solar meridians, and at different epochs. 

Dividing the £& tire period of observation into five partial Periods, 
we have : 

1st from Oct 2 6, 1869, to April 30, 1870. 

2nd „ May r, 1870,,, Oct. 31,1870. * 

3rd „ Nov. 1, 1870, „ April 30, 1871. 

4th „ May r, 1871, „ Sept. 1, 1871. 

5th >f Jan. 29, 1872, „ April 30, 1872. 

And dividing the total number of the protuberances observed in each 
of them by the number of days of observation, or by the number of 
profiles taken of them, it is found that the diurnal averages of the 
protuberances observed during each period are : 


1st Period, number of 

Protuberances 

21 

2nd „ „ 


24 

3rd .. 


20 

4th „ .. 


37 

5 th 


3* 


Although these numbers have not been deduced from periods of equal 
duration, and from an equal number of days of observation, they are 
enough to give us some idea of the greater or less frequency of the 
phenomenon in the several epochs taken into consideration ; and 
from them we may conclude that, from the first period of observation 
to the fourth, there is a progressive increase in the frequency of the 
protuberances, while from the fourth to the fifth there is a sensible and 
gradual decrease. 

In the third period of observation, this progressive increase in the 
diurnal number of the protuberances was not observable ; but this 
might be attributed to the circumstance that, during that period, the* 
weather was very unfavourable to these observations ; so that while 1 
very seldom succeeded in obtaining the number of complete profiles, 
some of them which did succeed were not satisfactory in their details, 
and certainly many protuberances were missing, which on account of 
their inconsiderable height or their faint light could not be brought out 
decidedly, by reason of the abnormal conditions of the atmosphere. 

Between the fourth and fifth periods wc have an interruption of five 
months, during which, according to the observations made by Father 
Secchi, there was a minimum of protuberances, after which the solar 
activity was resumed and invigorated, but did not attain the maxi- 
mum arrived at during Period IV. This variation of frequency in 
the protuberances corresponds, then, to the successive variations in 
the frequency of the solar spots observed precisely at this period ; 
and this furnishes a proof of the close relations existing between 
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, ies are less subject 


VII L Ttefc nearer to 

to tmnsfor«1iat1i(^s f and are nfruch more 
thole which ^ujetir iO the lower latitudes.* ^ v 

I remarked, moreover, that the notaftle approach of the large pro- 
tuberance? to the jfiortft pole is observed ch iefly during %tee periods 
in whicA thote" were great magnetic perturbations and remarkable 
aurorae borcaJes. : ?. ■ '[■'■■■ 

In expounding these results, I had no intention of establishing 
definite &nd unchangeable laws concerning the distribution of th^ 
protuberances over the solar surface ; I merely proposed to show 
the relation of these phenomena to the rotation of the spn, and their 
dependence on it, leaving the determination of deflate laws^ to a 
more prolonged and regular series of observations. 

That thus (considering these phenomena to be closely connected with 
those Qf the faculae and the spots, and that during the intervals of the 
observations some marked periods of greater or less frequency ted 
been presented i n the different parts of the solar surface) in para- 
graph 6 of Note III, (to which I have referred) I pointed out the 
periodicity pf these phenomena, and the alternations of maximum and 
minimum, as with the spots ; remarking however, that such inves- 
tigations could not be undertaken without a prolonged series of 
observations. From what I have explained, it is evident that from 
my observations, not only had I deduced that the distribution of 
the protuberances over the solar surface was connected with the 
rotation of the sun, but more than this— I had clearly formulated 
the relations existing between them during the period of observation, 
Reca, then an illustrious Italian astronomer, several months after 
the publication of this last Note of mine, announced as a discovery 
derive^^ his own observations, the fac*., that the distribution 
Of tte protuberances over the solar surface is not accidental and 
casual, out in Subordination to the solar rotation; publishing this 
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discovery in almost the same tcrifw as those in which 
enunciated this fact as the result of former observation* 

It was under these circumstance* dial, at the fndof 
published my Note IV., not So much for 
the professed discover}’ was already of old Mpi'b 1 
that if the relation between the distribution efthe,|eoti»b* 
the solar surface, and the position or the tbcis of rotatfonc 
is not to be doubted, yet the definite Utws of this rel&tibr 
be established, except by observations extending over a lo 
time, and corresponding probably to the period of the jn>a 
minimum of the solar spots ; because ihe observations already. j**ae 
manifestly showed that the protuberances, in thcir frequency.^i r 
site, and their distribution over the several tones) vds subject toVt 
periodical alteration analogous to that ofthc spots. Taxing ad vagtag e 
of the long space of time embraced by my observations, and of its 
coincidence with the period of the maximum of the spot*;. I 'showed 
in that Note how, with the progressive increase of the solar spots, mete 
was also a progressive increase in the total number of the protu- 
berances, a noticeable increase in the frequency of the large protu- 
berances, and a very marked condensation of them in the polar regions, 
in which, before these phenomena were observer!, they were, u not 
totally absent, at least rare and decidedly exceptional These ex- 
ceedingly important results could not be obtained by the observations 
made in the year 1871, because they were coincident witjb a period 
of extraordinary perturbation, depending on the period of the maud- 
mum of the solar spots ; and thus it is that some astronomers, haying 
professed to deduce from these observations the definite laws of the 
distribution of the protuberances on the solar surface, hare irration- 
ally generalised from the conditions then verified and have too lightly 
accused the results deduced by me *t a former period of inaccuracy, 
having done this chiefly with regard to that of the absence M the 
protuberances in the polar regions. . ■ 

By a fortunate combination, the regular observations of ml protube- 
rances were commenced by me some time before the development of 
that condition of extraordinary activity from vihich the maximum, of 
the spots is produced ; and they were subsequently protracted-auring 
that abnormal condition of the sun, and also after it. • ** r > 

There could have been no better circumstances during ^ short 
period of observation, for instituting a valid comparison between the 
two solar phenomena of the spots and the protuberances, and for 
observing the relations existing between tfiem ; and the results 
obtained in (his respect by my observations on the protuberances 
may, I think, be accounted as the most important data .it present 
procured, concerning the activity and physical constitution of the 
sun. 

From the tables which I inserted in my Note IV., the progressive 
increase in the number and in the size of the protuberances was so 
clearly demonstrated, and their condensation in the polar regions in 
correspondence with the greater development of the spots is so wen 
ascertained, as to render it certain that mi the diminution of *h me , 
solar activity also (as manifested in the protuberances. or 
would Ijc reduced to the smallest proportions, and confined to in 
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equatorial regions, restoring; to the polar regions perfect freedom 
those eruptions which bad broken out in them during the 
period of extraordinary perturbation. 

TIM * m consequences cduld not be deduced from the observations 
nta<^ during the first period of the maximum of the spots ; and thus, 
result obtained by me during my first observations (namely, 
irJaige protuberances in the polar regions) is declared to be 
br£te, their progressive condensation towards the poles in the 
4 period of observation is also denied. 

the observations made this year, in which the sun is found to be 
Iced to a condition of more normal activity, have fully justified my 
^yg^lusions ; since, the protuberances decreasing sensibly in number 
lmdyze,-*~the polar regions are shown to be again free from large 
.p^pniberanccs, and almost with greater constancy, and over a larger 
fkteUt than that found in the first period of observation. 

in confirmation of this, I will give some statistical data obtained 
front my observations. 

Although the number of the protuberances observed on each day 
the but line of the sun cannot be reckoned as in proportion to the 
^lUllUlber of the protuberances really existing on the surface of it; 
arid although even the average of the diurnal numbers of the protu- 
berance^ observed by me through a long series of days, cannot be 
held as strictly in proportion to the constant average of the protu- 
berances on the surface of the sun in the same space of time, yet 
these data are sufficient to furnish us with a just idea of the greater or 
^|^..<iifequency of the phenomenon, and thence of the state of greater 
.■ ;;'Wless activity of the solar surface. 

Wishing, then, tohtudy the frequency of the phenomenon in the several 
solar zones, taken in relation to the equator or the poles, we meet 
iVltb ^t; grave difficulty, namely, that of determining the latitudes of 
the^proloberanocs ; the angle of position of the point of the solar outline 
on lyhfch they are projected, not being sufficient datum, their base, 
^•.'.jsp^cially for the large protuberances, being rather far from that spot, 
different- parallel, especially when in the vicinity of the 

^ Pbfv this, reason, I considered it useless to undertake so large a** 
task -as that of calculating for the apparent angle of position, the 
latitudes of the thousands of protuberances observed; and 1 con- 
fined myself to deducing these latitudes from the difference between 
the angle of position of the prospective projection of the polar axis 
on the outline, and the angle of position of the protuberances. 

This process is indeed too imperfect and inaccurate, especially for 
the protuberances near to the poles ; but the influences of the errors 
become less sensible, giving to the zones a notable extension, at least 
$j£ to 0 ; and by each method we can obtain data sufficiently approxi- 
mate to furnish assure idea of the greater or less frequency of the 
phenomenon, considered separately in every zone, in correspondence 
friflx the various periods of observation. • . . 

•/ '&3S^pbtain the variation^ arrived at in the frequency and m the size 


„„ protuberances in the various solar zones, I have divided the 

Wire period of observation into five partial periods, indicated above, 
in which we get the following numbers of complete profiles 

* U U 2 
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1st Period from Oct 1869 to April 1870, with 71 profiles, 

2nd >, ft May 1870 ,, Oct, 1 870, „ 79 *» 

3rd „ „ Nov, 1870 n April 1871, „ 31 „ 

4th n „ May 1871 „ Sept. 187*1 » 67 M 

5th tt Jan, 1872 „ April 1872, „ 37 w ■ 

Although this report of the observations does not show any uni- 
formity with regard to the number of the days of observation, yet 
1 thought it desirable to adopt it for the utilization of all the ob- 
servations made ; not, however, with the intention of offering data 
which would make known the true proportion according to which 
the frequency of the protuberances during the various epochs is 
varied, but data sufficient to ascertain the direction of the variations 
that is, sufficient to prove whether the frequency itself in the periods 
indicated, was in the direction of increase or of decrease. 

In the following Tabic the total numbers of the protuberances 
observed in each of the five periods taken, and in the several solar zones 
from o'* to to* of polar distance, are reported ; but in these numbers, 
the small jets and the little risings of the chromosphere are not 
represented, while the complex protuberances are represented there, as 
divided into the principal jets of which they are composed. 

TABUF f, 

T*>r*t S* ***** or TM« P»orr»r*A.vri«*. 
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From this Tabic we find that the frequency of the protuberances, 
varying sensibly from one period to the other, is nevertheless main- 
tained in sensible equality in the two hemispheres, except in tne seconi 

E eriod, during which the number is sensibly greater tn the n ? rt V;" 

emtsphere. The total number of the protuberances botitaincfl 
the 2 »s solar profiles is 7,604, of which 3,883 are in the northern hemi- 
sphere and 3,731 in the southern hemisphere. To render more 
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the comparison of the frequency of the protuberances in the various 
periods, either in the total outline of the sun, or in a sing e hemi- 
sphere, and thus in single zones, the following Table has been pre- 
pared ; it contains the diurnal averages of the protuberances observed 
on each day in every zone, and they were obtained by dividing the 
numbers" given from Table l. by the numbers of the corresponding 
solar profiles. 


TABLE II. 

Diurnal Numuhk op the Protuberances. 


Polar Distances. 

! 

Northern Hemisphere. 

Southern Hemisphere ] 

Periods. 

! 

Periods 

• 




«. 

II. 

i III. 

IV. 

V. 

I. 

f 

H. 

III. 

IV. j 

V. 

o' to to' 


o ‘37 

0 63 

\ 0 61 

219 

0*92 

020 

0*30 

0 36 

1*98] 

* 43 

to „ to . 


o *49 

«'*9 

*'23 

2 43 


0*46 

0 41 

o'j 6 

2 qa 

x*x6 

ao „ 30 . 


*’ 3 * 

2*23 

O'i/i 

1 07 

1*00 

107 

1 09 

*36 

0 90 ' 

* ”24 

30 „ 40 . 


«* 3 ‘ 

*09 

0 68 

* 55 

1 62 

*28 

* 39 

0*32 

0*91 

1*05 

40 „ so . 


1 *62 

*‘47 

i 0 74 . 

2 21 

2**9 

*'55 

*' 5 * 

o' 7 l 

*' 9 * 

* 57 

5 0 M 60 . 


*45 

* 59 

i '68 

2'I9 

2*59 

* 38 

* 56 

*‘74 

2*33 

2*35 ! 

60 „ 70 . 


«-6j 

* 75 

■ *'52 ' 

2 '16 

2 43 

«* 9 ° 

*77 

1*65 

2'6l 

3*54 

70 » 80 . 


1 '29 

rs 5 

: * '33 i 

304 

2 "00 

* 34 

* "56 

* 9 ° 

254 

2 35 

80 „ 90 • 


oV> 

*49 

l 1 00 . 

( ! 

t 97 

*'94 

1 02 

158 

*’*9 

2 06 

; 

2*19 

Northern 

Kphere, 

HeraiJ 

10*44 

*3*38 

. i 

9 75 

17 81 

1580 

io*ao ! 

11-T7 

9*99 

| 

l8 l6 . 

15 88 \ 

Southern 

sphere. 

Hcrnij 

IO 30 

11 «7 

; 9 *> ; 

i i 

i8*»6 

..... 

15 '88 

1 

1 


I 

j 

Total .... 

; 

t ; 

30*64 

i ; 

24*55 

r~ ! 

j *9 74 » 

35*97 ; 

31 6S 

; 1 

1 


i 

| 



From this Table it is seen that from the first to the second period, the 
number of the protuberances is notably on the increase ; that, stopping 
at the third period, they are developed in larger proportions in the 
fourth, in which the number of protuberances becomes almost double 
that of the first and of the third ; while in the last period a sensible 
decrease is presented. ♦ 

These variations appear simultaneously in the same direction in the 
two hemispheres, but not in the same proportions. In the various 
zones these variations are rather at variance in, the succeeding periods ; 
since while in some zones the frequency of the protuberances rapidly 
increases, in others, on the contrary, they are apparently stationary 
or decreasing. , 

To render these variations in the several solar zones more clear, ana 
for the better recognition of the direction and proportions in the 
several periods, I have thought it desirable to give in another 1 able 
the graphic construction of Table II., representing the numbers o! 
the protuberances, corresponding to each zone, with the ordinates oi 
a curve the abscissiae of which indicate the zone. 

From this Table are deduced ; — 
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ammoix That in the first period!, the protuberances were almost symme- 
i i. t rically distributed in the two hemispheres, with a minimum of frequency 

* in the equatorial tone included between the parallels of Iky "from the north 
pole and 8a ? from the south pole, with two minima sufficiently marked 
at the flattened tops of the poles, and with two scarcely indicated 
maxima m the rones included between to' ami 70* north and south. 

a. That in the second period, the frequency of the protuberances, 
with a scarcely sensible minimum, is almost constant from 60 north 
polar distance to 40" south polar distance, two very marked minima 
m the polar regions, and a very marked maximum in the northern 
hemisphere, in the rone included between 20* and 30’ polar distance. 

3. The curve is rendered more complete in the third period, during 
which we have, besides the equatorial minimum and the two polar, 
also the other two minima — one between 30* and 40’ north, and the 
other between 7 o' and 80" south ; and two other secondary, but very 
marked maxima— one between io* and 20’ north, and* the other 
between 20* and 30* south. 

4. In Period IV. the frequency of the protuberances is almost 
constant from 40” north to 8o ; south polar distance, with a maximum 
between 60 and 70* south, with two absolute minima between 20" anti 
jo' north and south, two very decided maxima between 10* and 20 
north and south, anil two scarcely indicated minima at the poles, 

5. Finally, in Period V. the frequency of the protuberances present 
in the several rones, a progress (advance?) which resembles that 
verified in Period I. by the equatorial minimum, with two maxima, one 
between 50' anti to" north, and the other between 60 and 70 south, 
with a notable and almost constant depression in the flattened ends of 
the poles included between the parallels of 30 north and 40 s south. 

These partial results, considered as a whole, show incontestably, 
that from Period I. to Period IV, the solar activity, manifested 
by the frequency of the protuberances, became sometimes more 
intense* especially towards the polar region** in which it becomes 
noticeably weaker in Period V., during which it is tending mani- 
festly to resume that more normal condition in which it was ascer- 
tained to be in the first period of observation, that is, before the 
maximum of the solar spots. This result is of the utmost impor- 
tance, because* not only does it afford the greatest evidence of the 
close elation and dependence of the two solar phenomena (protu- 
berances and spots), but more than this, it shows that in correspondence 
with the maximum of the spots, not only the rones subject to them are 
in an abnormal state of activity, but also that the polar regions partici- 
pated in the same state. 

This fact is rendered still more manifest, considering the solar 
activity as shown in the frequency of the large protuberances in the 
various tones ; since it is found that, in correspondence with the 
maximum of the spots, not only does the number of the large pro- 
tuberances increase, but more than this— that their distribution over 
the solar surface is radically modified. 

Choosing those protuberances higher than three terrestrial diameters 
or not less than t\ t have compiled the following table (Table Uw> ,n 
w hich the number of those protuberances in each of the five period* 
above fixed is given for every solar tom, 
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TABLE III. 

Tor ai, Ni'mbbh op the La ttcm Protuberances. 


PvtUr Oi*U«ce** 


o* to xo* 
to „ a > . 
20 „ 30 . 

30 „ 40 * 
40 ,, 50 • 

50 „ 60 . 

<*> *» 70 
70 M 80 . 
Bo „ 90 . 


Northern Hemi l 
sphere . . i 

Southern Hcmi-t 
sphere . . } 


Total 


! NOHTHEKK HUittrKHK. j SoiTIIFRN HEMISPHERE. 

! — ' 


Periods. 


Periods. 


«8 

16 
18 
1 5 
1 2 
7 
6 


82 

104 


i So 


II. 

in. 

IV. 

V. 

I. 

11. 

III. 1 

0 

1 1 

21 

2 

0 

O 

1 i 

21 

*6 

4° 

O 

0 

0 

2 1 

44 

8 

8 

O 

12 

16 

4 

>5 

2 

27 

5 

25 

32 

7 1 

23 

4 

39 

17 

25 

25 

7 I 

24 

*4 

33 

18 

9 

23 

16 , 

25 

12 

34 

14 

18 

39 

8 ' 

35 

8 

21 

1 1 

7 

20 

12 

>3 

11 

,6 

to 

8 

*7 

*3 

200 

j 

j 86 

244 

77 

104 

172 

1 j 

j 70 

i *72 

1 

1 

; 7<> 

- 76 

| 68 

1 

1 


1 

i77 

: *56 

•• 320 

! *45 

i 

f 



IV. 

26 

61 

10 

7 

30 

52 

39 

32 

*9 


V. 


i 2 
! 5 
i *9 
i »5 
* *7 
I 9 


276 


! 68 

I 


TAHl.K IV. 

Diukkai. Number ok the Lakc.e Protuberances. 


Polar Distances. 


Northern Hemisphere* 


Periods. 


0* to xo* 

XO „ ao . 
90 tl JO . 


30 »» 40 • 

40 „ SO . 
50 „ 60 , 


60 , f TO. 

70 „ 80 . 
80 „ 90 . 


Northern 


sphere 

Southern 

Hemi-( 

sphere 

. • 1 

Total 

* • • 



Southern Hemisphere. 


Periods. 


h 

If. 

in. 

IV. 

V. 

o' 00 

0*00 

003 

o*39 

0*03 

0*00 

o'oo 

006 

0*94 

0*00 

017 

0*20 

0*13 

0 15 

000 

0.3s 

o\*i 

0*33 

o‘to 

005 

035 

0*32 

0*23 

o*45 

014 

0*13 

0*29 

052 

0*81 

©'54 

0*25 

0*49 

0*26 

otx> 



0*25 

039 

0*48 

0 46 

013 

0*22 

1 

0*42 

0*28 

0*24 

1 ‘46 

! a'18 

1 ! 

i 

1 

< 

1 

a'27 1 

j 

420 

GO 

*>*4 


The total number of thejarge protuberanecs^ntam^ ^^285 


profiles is i,379> 


fame.)? M? ‘if th^Torth^n hemisphere and 690 in 
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appendix the southern hemisphere. Although in average result, there may be 
it. thtf same^uWnber of large protuberances in the two hemispheres, yet 
— — ftf each separate period there arc sensible differences, from which it is 
deduced, that the frequency of the large protuberances was alternately 
prevalent in one of the two hemispheres* This shows that the solar 
activity does not prevail with the same energy in the two hemispheres 
at the same time ; but that the temporary differences during a long 
period are almost totally compensated. 

To render more clear the law by which the frequency in the large 
protuberances has varied, whether in the entire surface of the sun 
or in its hemispheres, or, lastly, in its different zones, 1 have compiled 
the foregoing table (Table IV.), which gives the relative frequency of 
the phenomenon in the different zones, deduced from the numbers 
given by the solar profiles corresponding to each period. 

from this table it is seen that the frequency of the larger protube- 
rances is progressively increased from the first to the fourth period, 
diminishing sensibly jk the fifth : and that from the first to the fourth 
period the number ofrhe large protuberances is tripled. This period- 
ical variation is presented in both hemispheres ; but in proportions 
sensibly different. In the northern hemisphere, the increase of the 
large protuberances is produced with greater regularity than in the 
southern hemisphere, in which the rapid increase observed from the 
third to the fourth period is chiefly remarkable. 

With the intention of making clearer the variations of frequency in 
the different solar zones, I have given in another Table the graphic con- 
struction of this last table. Examining this Table, the following 
results are deduced 

1. In the first period of observation the large protuberances were 
scarce at the equator, in the zone included between 70* polar distance 
north and 70' south : in the northern hemisphere, the maximum of the 
large protuberances was in the zone between 40* and 50 s , and in the 
southern hemisphere equally between 40* and 50 s '; while in the polar 
regions, for a distance from the poles of about 20’, the large protube- 
rances were totally absent. 

2. In the second period there was a minimum in the equatorial 
zone : in the northern hemisphere, a maximum between 70* and 80' 
polar distance, a second minimum between 30° and 40% a tolerably 
developed maximum in the zone from 20'* to 30*, with total absence of 
protuberances in the polar regions from o* to to*: in the southern 
Hemisphere there was a maximum between 60* and 70% a minimum 
between 50* and 60*, with a second maximum slightly developed 
between 30* and 40*, while the large protuberances were totally absent 
in the polar regions from o* to 20*. 

3* In the third period, the equatorial minimum having disappeared, 
there was in the northern hemisphere a maximum between 50* and 6o\ 
with a decided minimum between 30* and 40% followed by a tolerably 
developed maximum between 10° and 20*, with notable frequency of 
large protuberances, also in the polar regions ; in the southern hemi- 
sphere there was, on the other hand, a maximum between 8o° and 90 , 
a minimum between 60* and 70°, a very' decided maximum between $o 
and 60% with progressive and rapid diminution, and almost total 
absence of large protuberances towards the pole. 
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4. In the fourth period, there was a scarcity of protuber^|ces at the appendix 
equator, in the zone included between 70* north polar di&ftnee a&jkyb* n. 

south : in the northern hemisphere, a first maximum from 4b* to $6% 

followed* by a tolerably decided minimum between 20° and jo\ with a 

second maximum between io° and 20°, with sensible diminutiomat the 
pole ; in the southern hemisphere, on the other hand, a very developed 
maximum between 50* and 6o°, followed by a very marked minimum 
between 30° and 40°, and by an extraordinary maximum between io° 
and 20 0 , with sensible decrease towards the pole. 

5. Finally, in the last period of observation, a less frequency of pro- 
tuberances continues in the equatorial zones: in the northern hemi- 
sphere, there is a maximum between 30° and 6o°, with an almost 
absolute absence of protuberances in the polar regions until 30® : in the 
southern hemisphere, there is a maximum between 30° and 60% after 
which the large protuberances disappear almost totally up to the pole. 

The examination of the curves representing the frequency in xelation 
to the large protuberances in the different solar zones through five 
periods, clearly shows that by the progressive increase of the solar 
spots, the large protuberances are not only rendered more frequent on 
the zones of the spots themselves, but also to great distances, even up 
to the poles, where generally the conditions necessary- to their develop* 
men! are wanting. 

This fact, then, comes as an evidence that the period of the spots does 
not depend on a partial modification of the condition of the surface 
or of the solar body in the zones where the spots prevail, but from 
a very much more general condition, namely, that of great activity on 
the total surface, and perhaps in the entire solar body : and of this 
very important datum we must not lose sight in the investigations con- 
cerning the causes of the period of the solar spots. 

For the present, we cannot predict whether this datum will render 
such a question more simple or more mysterious ; but it is certain that 
any theory on the period of the spots must remain defective, if it does 
not also give a reason for this phenomenon, that is, for the periodical 
variations in the frequency, size, and positions of the protuberances. 

In my Note IV. of July 30, 1871, although it could be based only on 
the observations made before the maximum of the solar spots and 
during it, yet the progressive advance of the protuberances towards 
the poles, in correspondence with the greater development of the 
spots, induced me to admit such a phenomenon, as a great exception to 
the law deduced from the first observations, of the absence at the poles 
of the large protuberances, 1 in the full conviction that, this critical 
period having ceased, the protuberances would again emigrate from 
the polar regions. 

The observations of the last period have completely justified this 
conclusion, and I am fully persuaded that they who (founding their 
assertions on their observations confined to the exceptional periods) 
have pronounced as inaccurate the law relating to the absence of the 

1 From the time of live reading of this Note, until the end of June, the 
observations were continued regularly, and during these last two months l 
never found protuberances at a polar distance less than 30°, so that for about 
five months the polar regions have been free from such protuberances. 
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jtmotDtx large ptbtuberances at the poles in the normal conditions of the sun, 
it. and that of their condensation at the poles in the critical period of 

the maximum of the spots, will by theijr subsequent observations have 

fully recognized the truth of those laws which, in my opinion, consti- 
tute the most important results of the observations made on these 
phenomena. What seems to me deserving of great consideration is, that 
while in the frequency of the spots there occurred during the period 
of observation some irregularities, such as to render it very difficult to 
fix the exact period of the maximum, in the frequency of the protu- 
berances, and in their successive development in the polar regions, a 
much more decided progress is ascertained, by which the epoch of the 
greatest perturbation is manifestly confined to the summer months 
of 1871. 

This seems to prove that the period of the greatest solar activity 
cannot be deduced from that of the greatest frequency of the spots on 
the solar disc, but rather from the epoch of their most rapid trans- 
formation, of their most rapid appearance and disappearance. 

The period of observation was not certainly extended enough to be 
able to establish the definite laws of the periodical approach of the 
distribution of the protuberances on the solar surface in correspon- 
dence with that of the spots, but the data obtained prove to us 
already the existence of those laws, to discover which is now no more 
than a question of time and patience. 

Before concluding this article relative to the distribution of the pro- 
tuberances over the solar superficies, I think fit to say something on an 
especial characteristic noticed in the distribution of them by the 
illustrious Father Secchi. He remarked on the circumstance of the 
frequent coupling of the large protuberances at the extremity of one 
and the same solar diameter, a fact which in his opinion must have its 
origin in the solar structure, which must be of such a nature as to allow 
these alternations to be propagated from one end to the other of the solar 
body, that such effects are produced, from which may be conjectured 
(although by no means to be announced as a proved tact) that the sun 
is constituted of an clastic fluid. 

In treating of such a fact, I thought proper to seek for the con- 
firmation of it in the completion of my observations, making an 
accurate computation of the cases favourable to this coincidence. 

From this computation it has resulted that, considering as favour- 
able even those cases in which two large protuberances correspond 
at the extremity of one and the same solar diameter within the broad 
limits of S* or 6\ the number of the coincidences is more limited than 
would be anticipated from the accidental combinations, with the 
hypothesis that the eruptions or protuberances arc produced casually, 
in the different parts or the solar surface. And I maintain that the 
reason of this scarcity of coincidences must be attributed to the cir- 
cumstance that the solar activity generally is presented with very 
different intensity in the two hemispheres, and especially in corre- 
sponding zones with regard to the equator. In consequence of this, 
while such coincidences must be regarded as simply accidental, we 
must consider as wholly without foundation the conjecture that has 
been deduced from them, with regard to the physical and dynamical 
conditions of the solar mass. 
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N asm yth’s M willow -leaves/’ 19. 

New method of solar research, its first re- 
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tinuance, 43, 

Photographs of *■ 

the prominences by Major 4 Tennant, 
121, 122, 

a sun-spot, from 1 drawing by Secchi, 
23a 

Kew, showing connection of telescopic 
and spectroscopic changes, 236. 
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diagram of*the spectrum of a promi- 
nence, -©98, 

changes of wave-length, 382, 596. 
theory of spots, 569. 
prominences on the sun, 589. 

Rays or streamers in the corona, 309- 
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Red flames, (see Prominences). 

Reflection from surfaces of prisms, 156. 
Refraction of light by the prism, the 
basis of the spectroscope, 134. 
fytws of, 137. 

Respighi’s observations of the eclipse of 
1S71, 359* 368, 371, 379. 
change* of wave-length, 382, 590. 
selective absorption in sun-spots 387- 
observations of prominences, 395, 402, 

419- 

movements of solar atmosphere, 417. 
list of chromospheric lines, 616. 
classification of prominences, 635. 
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